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Extracellular Aspergillus polypeptides 

This application is a non-provlslonal of U.S. provisional applications Serial No 
60/477.355. filed June 11. 2003 and Serial No. 60/482,451. filed June 26. 2003. 
which are hereby incorporated by reference in their entirety. 

All patent and non-patent references cited in this application are hereby 
Incorporated by reference in their entirefy. 

Field of the invenfion 

The present invention relates to extracellular polypeptides of Aspergillus fumigatus 
to fragments of these polypeptides, to compositions comprising such polypeptides 
and fragments and to exposed domains and epitopes of these polypeptides The 
invention also relates to the use of these polypeptides and fragments for 
immunisation and for production of antibodies, and to antibodies that recognise and 
bind the polypeptides. Furthemiore. the Invention relates to methods of Identifying 
binding partners and Inhibitors, and to methods of diagnosing Aspergillus infections. 

20 Background of the invention 

The rise of diseases that attack the Immune system, such as AIDS, and medical 
treatments that depress the immune system, such as cancer chemotherapy or organ 
transplantation, have resulted in an increase In the death rate caused by fungal 
Infections. Since the mid.1980's. fungal pathogens have begun to rival their bacterial 
counterparts In many different medical settings. Species of the Aspergillus family 
account for a substantial number of these fungal infections and in particular 
Aspergillus fumigatus has emerged wortd-wlde as a frequent cause of nosocomial 
infection In virtually every major medical centre. For almost 30 years, amphotericin B 
was the only dmg approved for treating serious fungal Infections despite significant 
kidney toxicity. Azoles were Introduced In the 1980s for trektlng the most common 
fungal pathogen. Candida albicans, which Is responsible for approximately 50% of 
fungal Infections. Widespread use of azoles encouraged the development of 
resistant strains to this drug. Unfortunately, most currently mari<eted azoles are 
largely IneffecBve against the more severe forms of fungal disease, such as 
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infections caused by Aspergillus. The increase in drug-resistant strains of fungal 
pathogens further underscores the need for new antimiaobiai treatments. 

Aspergillus fumigatus is a saprophytic fungus found ubiquitously in the environment 
5 particulariy In soil and in water and may be readily found in very large numbers in 
hay. gra.n and decaying organic matter. Aspergillus fumigatus plays an essential 
role .n recycling environmental carbon and nitrogen. Reservoirs in hospitals and 
other Institutions include unfiltered air. ventilation systems, contaminated dust during 
construction work, carpeting, food, ornamental plants and water and water supply 
) systems. It is generally believed that aspergillosis occurs as a consequence of the 
exogenous acquisition of spores; they are small enough (2.5-3.0 pm) to reach the 
alveoli upon inhalation and hardy enough to survive for prolonged periods in fomites 
It remains unclear what the size of the infectious Inoculum needs to be, although this 
probably depends upon the Immunological status of the host. There are around 600 
. recognised species, but only a small number have been identified as pathogenic 
Among these A fumigatus which causes over 8O0/0 of human infections caused by 
Aspergillus species. A fumigatus is an opportunistic pathogen and nonrral 
individuals are not susceptible to disease except after inhalation of large quantities 
of spores. Aspergillus can cause illness In at least three ways: an allergic reaction in 
asthmatics (allergic aspergillosis); a colonisation In scarred lung tissue 
(aspergilloma): and an invasive infection with pneumonia which can affect the heart 
lungs, brain and kidneys (invasive aspergillosis). 

Allergic asperr| ilinQiQ 

In the first type of aspergillosis illness, people with allergic asthma or genetic 
predisposition may develop this form of asthma upon becoming sensitised to 
Aspergillus species. Asthmatics may find their asthmatic condition aggravated upon 
exposure to A fumigatus. Some people develop allergic bronchopulmonary 
aspergillosis (ABPA). a condition in which Aspergillus spores gem^inate and the 
resultant mycelial growth can potentially block the bronchi. Patients may cough up 
small, brown plugs of mycelia. There is no invasion of tissue. However, the patient 
may suffer lung fibrosis and may, over time, become more susceptible to other lung 
diseases. ABPA Is currently the most severe allergic pulmonary complica«on 
caused by Aspergillus species. It occurs In patients suffering from atopic asthma or 
cystic fibrosis. Another disease entity, related to ABPA only because it is immune- 



wo 2004/108765 

^ PCT/DK2004/000407 

mediated, hypersensitivity pneumonitis (also called extrinsic allergic alveolitis) is 
often associated with repeated exposure to an identified - often occupational - 
source of high levels of antigen. 

5 Asperallloma 

Aspergilloma. commonly referred to as -fungus ball." occurs In pre-existing 
pulmonary cavities that were caused by tuberculosis, sarcoidosis, or other bullous 
lung disorders and in chronically obstructed paranasal sinuses. 

10 Invasive asperalllosis (lA) 

invasive aspergillosis (lA) Is seen in people whose nomial immune systems are 
compromised by other serious diseases such as leukaemia, lymphoma, carcinoma 
tuberculosis, emphysema, diabetes. HIV/AIDS or by use of Immunosuppressive 
drugs (often used in connection with organ or bone marrow transplant operations)- 

15 or by large doses of corticosteroids. In lA. there Is an actual invasion of lung tissue 
or skin. Infection can also occur in many organs or flssues. e.g. heart, liver eye 
nose, ear and skeletal muscle. Pathologically invasive infections show clear InJasiori ' 
of the underiying tissue, eventually leading to bloodstream dissemination or 
contiguous spread to adjacent structures. The prognosis for lA is serious illness and 

20 death. 

A fourfold Increase In lA has been observed in the last 12 years. In 1992 lA was 
responsible for approximately 30% of fungal infections In patients dying of cancer 
and it is estimated that lA occurs in 10 to 25% of all leukaemia patients, in whom the 
mortality rate is 80 to 90%. even when treated. The average incidence of lA is 
estimated to be 5 to 25% in patients with acute leukaemia. 5 to 10% after allogenic 
bone man-ow transplantation (BMT). and 0.5 to 5% after cytotoxic treatment of blood 
diseases or autologous BMT and solld-organ transplantation. lA which follows solid- 
organ transplantation is most common In heart-lung transplant patients (19 to 26%) 
and IS found, in decreasing order, in liver, heart, lung, and kidney recipients (1 to 
10%) (Patel and Paya. 1997. Clin. Microbiol. Rev. 10: 86-124). lA also occurs in 
patients with nonhematogenous underiying conditions; It Is increasingly reported In 
AIDS patients 1 to 12%) (Denning et al.. 1991. N. Engl. J. Med. 324: 654-662) and is 
also a common infectious complication of chronic granulomatous disease (25 to 
40%) Four types of lA have been described (Denning. 1998. Clin. Infect DIs 26- 
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781-805) : (i) acute or chronfc pulmonary aspergillosis, the most common form of lA- 
(li) tracheobronchitis and obstructive bronchial disease with various degrees of 
Invasion of ttie mucosa and cartilage as well as pseudomembrane formation seen 
predomlnanfly In AIDS patients; (iii) acute invasive rhinosinusitls; and (iv) 
5 disseminated disease commonly Involving the brain (10 to 40% in BiVIT patients) 
and otiier oigans (for example, tfie skin, kidneys, heart, and eyes). 

Diagnosis of As pemi/lus Infenfinna 

Unlike bacterial infections, cultures from blood or cerebrospinal fluid and other 
sterile body fluids - are rarely positive for Aspergillus species, even in patients with 
endocarditis and disseminated disease. Given ttie ubiquitous nature of the spores 
recovering Aspergillus from cultures of the respiratory tract does not discriminate 
between genuine infection, colonization or contamination. A number of clinical 
findings may trigger a diagnosis of invasive aspergillosis, such as neutropenic fever 
not responding to broad-spectrum antibiotics, the development of new pulmonary 
infiltrates on chest X-ray and the presence of clinical signs suggestive of invasive 
mycosis (e.g. pleuritic chest pain, hemoptysis, etc.). Unfortunately, most of these 
tilggers have low predictive value. Therefore, the only way to reach a precise and 
eariy diagnosis is to make intense efforts to collect specimens for culture and 
histopatiiological examination (by biopsy or needle aspiration). However, this gold 
standard approach involves aggressive procedures (open lung biopsy, brain biopsy 
etc.) that are often precluded by cytopenia or by tt,e critical condition of ttie patient.' 
Hence, definitive diagnosis is Infrequentiy made before fungal proliferation becomes 
oven«/helmlng and therapy may no longer be successful. 

The detection of anW-Aspergillus antibodies has no place in the diagnosis of 
aspergillosis in neutropenic patients and hematopoietic stem ceil transplant 
recipients because fliese populations are not capable of mounting an adequate 
antibody response. Diagnostic tools used at the moment are galactomannan 
detection (a major cell wall constifaient released during growth), high-resolution 
pulmonary CT-scanning and detection of asperglllar DNA. Obtaining botti high 
sensitivity and high selectivity remains a problem, and there is a need for novel 
reliable diagnostic markers. 
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Currently availahift antj-AspemiHus ag fintQ 

The antifungal armamentarium that Is cun^ntly available for the treatment of 
invasive aspergillosis is limited in number. It Includes: 

'••The polyene macrollde.amphotericin-B and Its lipid-basedfomiulatlons: 
) 2. the triazole, Itraconazole; 

3. the fluorinated pyrimldlne, 5-fluorocytoslne; and 

4. the allylamine, terblnaflne. 

The lack of a highly selective fungal target, not present in other eukaryotic cells has 
for a long time precluded the development of new agents. With the exception of 5- 
fluorocytosine. all available agents act by Interfering with the structural or functional 
integnty of the fungal plasma membrane, either by physical disruption or by blocking 
the biosynthesis of membrane sterols. This strategy remains far from ideal since the 
non-selective nature of the therapeutic target results in concomitant cross-inhibition 
(or toxicity) in mammalian cells. 

Treatment with antifungal drugs such as amphotericin-B and/or itraconazole 
Involves many difficulties. Amphoterlcln-B. flucytosine and itraconazole are 
associated with low success rates and are hampered by serious infusion- or drug- 
related toxicity, by hazardous dmg-drug Interactions, by pharmacokinetic problems 
and by the development of resistance. Amphotericln-B has to be given by vein in 
large doses. In some patients the treatment can damage kidney and other organs 
The overall success rate of Amphotericin-B therapy for lA Is 340/0. In addition most 
lA cases occur In spite of empirical administration of Amphotericin-B in response to 
a fever unresponsive to antibacterial agents. Itraconazole is generally given orally 
(also in large doses, e.g. at least 400 mg daily) and has been used for many year^ 
as a treatment, but even so. mortality Is still as high as 85%. 

Vaccination 

Vaccination may be another approach for combating Aspergillus infections. As 
explained above. lA is a severe problem for Immunocompromised patients and 
especially In neutropenic patients, who have lost all their acquired Immune response 
and are virtually without memory. Aspergillus Infection is lethal In most cases It 
seems that vaccination of these patients prior to immune suppression would not be 
a viable strategy. However, vaccination of a bone man-ow donor could assist in the 
clearance of infection post donation. Also passive immunisation with 
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immunoglobulins may be an option. Until now there have been no extensive 
preclinical and/or clinical data available conceming the efficacy of specific 
immunoglobulins. However, there are reports from invasive Aspergillosis studies in 
mice that show that active vaccination has Influence on their mortality rate (Ito and 
5 Lyons (2002) J; Infect. Dis. 1 86. 869-871 ). 

Targets 

As A fumigatus Is becoming a major fungal pathogen of humans there is an urgent 
need for identification of suitable biochemical targets in A. fumigatus and for the 
discovery and development of new effecHve antifungal agents active against such 
biochemical targets. Recently, the A. fumigatus genome was analysed by random 
shotgun DNA sequencing. By sequence comparison with Candida albicans genes 
known to be essential for sun«val. a large number of potentially essential A 
fumigatus genes was Identified (WO 02/086090). Such genes may potentially be 
interesting drug targets, but Infomiatlon on structure, function or cellular localisation 
of most of the encoded gene products is not yet available. 

Summary of the Invention 

In a main aspect, the present application relates to extracellular polypeptides A 
fumigatus. In the context of this application, an 'extracellular polypeptide' is defined 
as a polypeptide which is entirely or partially (i.e. part of the polypeptide chain or 
part of the population of polypeptide molecules) localised outside the plasma 
membrane of a fungal cell. Thus, extracellular polypeptides include plasma- 
membrane polypeptides which have extracellular parts, cell-wall polypeptides 
penplasmic polypeptides, secreted polypeptides and all other polypeptides that are 
fully or partially exposed to or released Into the space outside the plasma 
membrane. Extracellular polypeptides furthemiore include all polypeptides or 
polypeptide fragments that can be found in cell-wall, cell-surface-exposed and 
diffusate fractions isolated as described herein. 

Extracellular polypeptides are attractive targets for antifungal therapy and/or 
diagnosis since the exposure of such polypeptides to the extracellular space means 
that compounds that Interact vwth these peptides (e.g. compounds used to prevent 
treat or diagnose fungal Infections) often do not need to pass through the plasma 
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membrane to be effective. This is a considerable advantage as the plasma 
membrane constitutes a major bamer for most types of compounds. 

Extracellular localisation of a fungal protein can usually not be predicted from its 
5 amino-acid sequence. The presence of a signal sequence mediating entrance of 
protein into the secretory pathway can be predicted with a high degree of certainty 
but many proteins carrying such sequences remain intracellular, in compartment^ 
such as the endoplasmic reticulum, the Golgl complex, endosomes and lysosomes 
Very littie is known about sorting signals In A fumigatus. 

In Principle, localisation of A. fumigatus proteins could be inferred from a known 
localisation of homologous proteins In other fungi, such as Saccharomyces 
cerevisiaa or ttie pathogenic yeast Candida albicans, which are much better 
characterised ttian A fumigatus. However. In practice, such predictions are highly 
uncertain. A recently perfomied genetic screening for putative exported C albicans 
proteins Identified a number of such proteins whose closest homologue was an 

.ntracellularprotein(Monteollvaetal. (2002) EukaryoticCelM. 514-525) Thus even 
with «,e genome sequence of A. fumigatus available. It is not easy to predict which 
polypeptides can be found extracellularly. 

The inventors have Isolated and analysed cell-wall-. cell-surface-exposed- and 
diffusate fractions of A fumigatus and tiius detemilned extracellular localisation of 
the following polypeptides: 
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1. The polypeptide set forth In SEQ ID NO:1. This polypeptide has not previously 
been detected in A. fumigatus. as It was only previously proposed as a putative 
gene product on the basis of a nucleotide sequence. It is herein proposed to name 
this polypeptide Cssl. for Spnidlal Surface and Secreted protein I 

2. Hydrophobin (SEQ ID NO:2). Previously described in Parta et al. (1994) Infect 
30 Immun. 62. 4389-4395. 

3. GAPDH-B. glyceraldehyde 3-phosphate dehydrogenase (SEQ ID NO-3) A 172 
amino-acid fragment of this sequence has been described in the NCBI database 
under accession number AAL25819 (SEQ ID NO:35). However, the full-length 
polypeptide has not been described previously. 



20 



25 



30 



35 



WO 2004/108765 

g PCT/DK2004/000407 

4. enolase (SEQ ID NO: 4). Described m the NCBI databa» under accession 
number AAK49451. accession 

5. oatelase B (SEQ ,D NO:5,. Described in fte NCB. database under accession 
_ nun,ber AAB71223 and in Cale. etai. (1997, infect ,™nun. 65. 47,8^724 

' lrj:7™ '° - — accession 

7. Isopropylmalate deiiydrogenase B (IMDH B) (SEQ ID NO- 3B1 Th,= ^ , . 
polypeptide has not been described previously """""" 

' ^ "0 'ooansatton «as known previously For all 

po^^epMes. nove, po^p«,e fragments tha, are useM ,n prevl«on, ther^p^ o^ 
d«9nos« of As^r^us ln,ec«ons were ^entifled by the inventors. Seve.1 cf thesi 
».3gn,erts are rela^veiy access^ ^ ,be ext,ace.u,ar epace or released J't 

m sTj^- -lates polypeptide set tbrth in SEQ ID 

N0.3 and vanants and figments thereof, with the p^viso that the fragment does 
notconsi8tofthe8equence8etforfhinSEQIDNO:35. 

NO. 36 and vanants and fiagments thereof. 

in a further main aspect, the Inventton relates to polypeptWe fragments which are 
denved .rem the poM>ept«es set forth in SEQ ID NOs: 1-6 and 36, and c^^^^;:: 
one or more amincecM residues the sequences set fbrih SEQ ID NOs 7^ 
and37.The,nven«cna,sorelatestovariantsofthesepolypept,def,^ments. ' 

I'ilT ^ -d epitopes Which are comprised 

w,th,n or compnse part of the po^peptldes or po^eptlde fregments of the invention 

Furthermore the Invention relates to compositions comprising one or more 
extracellular ^pe,9///„s PdypepMes or polypeptide fragments of the Invention. 

TJT^"", W^catlon of polypeptides 
Ideic : ■ •^^^'^ and/or dWUsate frecL^ It 

ident^caton o, h,gh^ expressed pretel,«. Thus, the polypeptides that were 
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Identified are relatively abundant. This, added to the determination that they are 
exposed to the extracellular environment of the cell, make them highly suitable as 
biochemical targets or diagnostic markers. Thus, the identification of these 
polypeptides In these fractions by the inventors formed the basis for the 
5 development of methods aimed at prevention, treatment and/or diagnosis of 
AspergiUus infections. 



10 



15 



20 



25 



30 



Accordingly, in a main aspect, the invention rejates to use of polypeptides or 
fragments of the Invention for generating a medicament. Preferably, a medicament 
that can be used for the immunisation or vaccination of a mammal, preferably a 
human being, preferably to generate a protective immune response. 

.Furttiermore, in anotiier main aspect, tfie invention relates to methods of raising 
antibodies against these polypeptides or fragments thereof in non-human mammals. 

The invention also, in a further main aspect, relates to antibodies capable of binding 
an extracellular Aspergilius fumlgatus polypeptide selected from the group 
consisting of Isopropylmaiate dehydrogenase B (SEQ ID NO:36), Cssi (SEQ ID 
NO:1). hydrophobin (SEQ ID NO:2). GAPDH-B (SEQ ID NOiS). and cataiase A 
(SEQ ID NO:6). Use of such antibodies for the manufacture of a medicament for 
treatment or prevention of Infection with AspergiUus is also an aspect of the 
invention. Thus, ttie invention also relates to phannaceutical compositions 
comprising antibodies of the Invention and a phamiaceutically-acceptabie carrier. 

Moreover, the invention relates to methods of treating or preventing Aspergillus 
fumlgatus infections and/or otiier fungal infections comprising tine step of 
administering antibodies of the invention to an Individual In need ttiereof. 

Furthennore, the Invention relates to methods for screening for binding partners 
and/or inhibitors of these exti-acellular polypeptides, to methods for screening for 
antifungal agents and to methods aimed at diagnosing Aspergillus infections. 
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Definitions 

A fragment- or 'polypeptide fragmenf Is defined as a nnn f, ^ 

man luu amino acids, such a<5 iiaee *hor. cn . 

acas, SUCH a. ,ess ^ ^ZT^^^ Z:::^^ '^J^^" " 

(h.n on • " ™" ^° ammo acids, such as less 

than 20 amino adds In lenoth -n,.™ . . as less 

2 345 6 7 89 mil.,.,?. • ^'^"'P'* fragments can be 

'! "^^ • " '° in length In further 

e^^-nts, ™e .oie than 5 amino adds, such as mol C g 

amino aads, e.g. ™« *a„ io amino adds, such as more than 15 amino addre „ 
more than 20 amino ac«s. such as more than 30 amino acids. bJI^ ■„ IZ 
way, a fragment consists of a part of an amino »hh "^"^^^ >" another 

100% In i«»^ = pan « an amino-aad sequence which Is less than 

100^ in teng«, as compared to the fulHength polypeptide. The length of the 
*agmem can be less than 50%. such as less ««n 25%, such as less than lor^ 

*agment can be moie tt»„ 5%. such as mo™ than 10%, such as more thata^r^ 
the length of the fulHength polypeptide. as more than 25 ^ of 

Variants- of a given polypeptide or *agment are polypeptides or peptides mat 
display a certain degree of sequence IdenBty ,0 said po^ptMe or tagmeT 
Vanants prefeiab^ have a, teaM 75% sequence iden«,y, for example a l!r8o"/ 
sequence Identity, such as at least ftw ™.. ... "'pie at least 80^ 

sequence Idpn2 k «" example at least 90% 

sequence identity, such as at least 91% sequence identity, such as at least 92^ 
sequence Identity, ,cr exampte a, leas. 93% sequence idenBty, such as at ira! 
sequence «en«ty, tor exampte a, ieas. 95% sequence Identi^, such a s M ieas Z 
sequence iden«ty, for exampte a, leas. 97% sequence lden«^, such a a i!a Tsy 
sequence ,den«ty. for exampte 99% sequence identKy v*, the given potpXro 

BESTFIT, or FASTA in the Wisconsin Genetics Scfhvaie Package Release 7 0 
using default gap weights. ' release 7.0. 

Preferred variants of a given polypeptide or ftagment a,« variants In which ail amino 
acid substitutions be.ween the vadan. and the given p.ypep„de crtg^Tre 
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conservative substitutions; Conservative amino-acid substitutions refer to the 
.nterchangeablllty of residues haying similar side chains. For example, a group of 
amino acids having aliphatic side chains Is glycine, alanine, valine. leucine and 
.soleucine; a group of amino acids having aliphatic-hydroxyl side chains is serine 
and threonine, a group of amino acids having amide-containing side chains Is 
asparaglne and glutamine; a group of amino acids having aromatic side chains is 
phenylalanine, tyrosine, and tiyptophan; a group of amino acids having basic side 
chains is lysine, arginlne. and histidine; and a group of amino adds having sulfur- 
containing side chains Is cysteine and methionine. Preferred conservative amino- 
acds substitution groups are: vallne-leucine-isoleucine. phenylalanine-tyrosine 
lysine-arginlne. alanine-valine, and asparaglne-glutamine. 

variants of a polypeptide or of a fragment thereof also include fomis of tiie 
polypeptide or fragment wherein one or more amino acids have been deleted or 
Inserted. Preferably, less tiian 5. such as less than 4. e.g. less tt^an 3. such as less 
than 2. e.g. only one amino acid has been inserted or deleted. Variants' of a 
polypeptide or of a fragment therebf also Include fomis of these polypeptides or 
fragments modified by post-translatlonal modifications of the amino-acid sequence 
Also Included are fusion proteins wherein the given polypeptide or fragment thereof 
has been fused (on tine gene level or post-translationaiiy) to another peptide or 
polypeptide. 
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An 'exposed domain' Is defined as a part of a polypeptide that is exposed to the 
external environment. Secreted or released parts of polypeptides, which are not cell- 
associated, are examples of exposed domains. Exposed domains can also be found 
.n polypeptides that aro cell-assoclated. This can e.g. be determined by protease 
hreatinent as described herein in the Examples. I.e. an exposed domain of a 
polypeptide is a part of the polypeptide which Is more accessible for proteases such 
as trypsin or chymotrypsin. than other parts of the same polypeptide, and can be 
released from cellular association by protease treatment without disrupting the 
Integrity of ti,e cell. Surface exposure of a domain can also be determined using 
indirect immunofluorescence analysis, e.g. as described by Sanjuan et al. (1996) 
Microbiology 142. 2255-2262. Exposed domains of plasma-membrane-associated 
polypeptides are parts of such polypeptides tiiat are located immediately adjacent to 
membrane-spanning regions and are located on the extracellular side of the plasma 
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membrane. An exposed domain can be flanked on both or on only one side by a 
membrane-spanning region. i\/1embrane-spannlng regions can be predicted by a 
variety of methods, reviewed in Mfiiler et al. (2001) Biolnfomiatlcs 17, 646-653. In a 
prefen-ed embodiment, an exposed domain of a piasma-membrane-associated 
> polypeptide is a part of a polypeptide located on the extracellular side of the plasma 
membrane, immediately adjacent to a membrane-spanning region (transmembrane 
helix) as predicted by the TMHMM program 2.0 (Krogh et al. (2001) J. Mol. Biol. 
305, 567-580. 

•Epitope' in this context covers any part of a polypeptide capable of being 
recognised by an antibody or functional equivalent thereof. Epitopes may consist of 
a stretch of consecutive amino-acid residues or of non-consecutive parts of a 
polypeptide. Typically, an epitope consists of 2-20 amino acids, such as 3-10 amino 
acids, preferably 3-8 amino acids, such as 3,4,5.6.7 or 8 amino acids. 



•Expression vector* refers to a plasmid or phage or virus, for producing a polypeptide 
from a polynucleotide sequence. An expression vector comprises an expression 
construct, comprising an assembly of (1) a genetic element or elements having a 
regulatory role in gene expression, for example, promoters or enhancers, (2) a 
20 structural or coding sequence which Is transcribed Into mRNA and translated into 
protein, and which is operably linked to the elements of (1); and (3) appropriate 
transcription initiation and tenminato'on sequences. 

Vaccine' Is used to Indicate a composition capable of Inducing a protective immune 
25 response against a microorganism In a human being or animal. 

•Protective Immune response' Is used to indicate an immune response 
(humoral/antibody and/or cellular) Inducing memory in an organism, resulting in the 
Infectious agent, being met by a secondary rather than a primary response, thus 
30 reducing its Impact on tiie host oiganism. 

A 'binding partner" of a polypeptide refers to a molecule that can bind to said 
polypeptide. Such binding can be Indirect, through anotiier molecule, but is 
preferably direct. A binding partner can be any type of molecule, such as e.g. small 
35 hydrophobic molecules or e.g. a cellular or exto^cellular macromolecule, such as a 
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protein, a carbohydrate or a nucleic add. Preferred types of binding partners include 
antibodies, llgands or Inhibitors. 
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The term 'pluraliV indicates more than one. preferably more than ^0. 

•Secreted' in the present context refers to soluble polypeptides or fragments thereof 
that are not cell^ssociated and thus In principle diffuse freely In the surrounding 
medium. This includes fragments of polypeptides that are released from cellular 
association, for instance tiirough proteolysis. 



The tem, 'indicator molet/ covers a molecule or a complex of molecules that can be 
detected or generates a detectable signal. Preferably, the indicator moiety is an 
antibody or includes an antibody molecule. Thus, a preferred indicator moiety Is an 
antibody coupled to a detectable substance. The detectable substance can In some 
1 5 embodiments comprise a second antibody. 

'Host-derived molecule' or 'host molecule' refers to a molecule which Is normally 
found .n a host organism that can be infected with A. fumigatus. A host-derived 
molecule Is preferably a host polypeptide, preferably a human polypeptide 
Examples of host-derived molecules tiiat interact with pathogenic fungi are serum 
albumin and transfenin. fibrinogen, complement fragment C3d. complement 
fragment ICSb. lamlnin. fibronectln. entactin. viti^nectln. mannan adhesins. epithelial 
binding lectin-IIke protein, and agglutinln-IIke proteins. 

The temr, 'antibodies' when used herein Is Intended to cover antibodies as well as 
functional equivalents tiiereof. Thus, this includes polyclonal antibodies, monoclonal 
antibodies (mAbs) ) derived from any species Including but not limited to mouse rat 
hamster, rabbit and lama, human, humanised or chimeric antibodies, single-chain 
antibodies, and also Fab fragments. F{ab% fragments, fragments produced by a 
Fab expression library, antl-idlotypic antibodies, hybrids comprising antibody 
fragments, and epitope-binding fragments of any of the these. The temi also 
includes mixtures of monoclonal antibodies. 

'Isolated' used in connection with polypeptides and polynucleotides disclosed herein 
refers to these having been identified and separated and/or recovered from a 



35 



10 



15 



30 



35 



WO 2004/108765 

PCT/DK2004/000407 

14 

component of.lts naft^ral en^n„™.ent. Contamhiant components of its natu,^, 
en™n. ^ mateHafe that wou« typioally Interfe^ ^ diagnostic T 

iTr. ^ ^"-^nes, a,^ 

other proteinaeeousornoivprotelnaceous solutes 

5 

PoKmentlrinif nf « ie Invaimi^n 

Fragments (?f exln:)oBll.ilar Asn«mm,j ^^^^j^^.. 

1 T ^^""^ ^"^^^ -'^-rfaoe^xposed 

and cell wall, th« was pert6m,ed by the ,nvento« ,ed to the identmcatton o, diLen, 

ftactons For example, as Is descnbed in Example 1, Ave CssI pep«des we,e 
■dentmed ,n the cel^wai, ^ ^ ^ 

surtece^xposed tactions. This difference nnay indicate struetu,al features of the 
protein. Without being limited l„ a specmo theory, a possible explanation for this is 
tha a port»n Of CSSI can be cleaved f„m the cell wall, releasing one par, of the 

emT- t "T"""' """^ *^ '^"^ " P""* --ins 

embedded ,n me cell wall. Slml^y. a«hOugh other explanations are possible, the 

^^tha. only one peptMe Is detected in cel^surlace tac«ons may suggest tha, an 

ar^ Of me protein comprising that pep«de Is exposed while the remainder of the 

protein ,s not Even regions of a polypeptide which are not embedded in other 

ceuular structures such as the oe« wall, may s«ll contain parts mat are more 

3'hT r ' -V --e 

accessible man parts of me polypepUde which are buHed wimin a tertia^ pretein 
stmcture. Protease treatment may also identify such pretein surface regions 
Thus, me inventors have Identified protein regions of particular Interest. Exposed 
domains are, due to melr accessibility, particularly attrec^e targets for diagnosis or 
or arrofungal treatnent Moreover, exposed polypeptide ftBgments or domains are 
hkely to oontHbute ,0, or comprise epitopes, and mus be highty suitable for antibody 
recogr^ton^For many of me applications described below, it can be advantageous 
to worK wrm Iragmerrts mat are larger man me ones mat were IdentKed by me 
inventors. TOs «n In particular be me case for memods of IdenUfyIng binding 
pa^^ers and memods for racing antibodies, such as ImmunJJn, 
sometimes do not work well with small fragments. 
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In a main aspect, the Invention relates to fragments of extracellular Aspergillus 
polypeptides that comprise exposed domains and/or epitopes. The invention also 
relates to the full-length GAPDH-B polypeptide (SEQ ID NO:3) and to the full-length 
- isopropylmalate dehydrogenase B polypeptide (SEQ ID NO:36). 

Accordingly, in a main aspect, the invention relates to an Aspergillus polypeptide 
selected from ttie group of 

fragments of SEQ ID NO:1 of less than 259 amino-acid residues in length, such as 
less than 200. preferably less than 150. such as less than 100, e.g. less than 50, 
such as less than 25 amino-acid residues in length comprising one or more residues 
of the amino-add sequences set forth in SEQ ID NO:7.8, 17,26.28.29 and/or 30 and 
variants of said firagmente; 

15 fragments of SEQ ID NO:2 of less than 106 amino-acid residues in length, such as 
less than 75. preferably less than 50, such as less than 25 residues In length 
comprising one or more residues of the amino-acid sequences set forth in SEQ ID 
NO:9.10;18 and/or 19 and variants of said fragments; 

20 polypeptides comprising SEQ ID NO:3, fragments thereof and variants thereof, with 
the proviso that If the polypeptide is a fragment of SEQ ID NO:3, that this fragment 
is not the fragment set forth In SEQ ID NO:35; 

fragments of SEQ ID NO:4 of less than 437 amino-acid residues in length, such as 
25 less than 200. preferably less than 100. such as less than 75, e.g. less than 50, 
such as less than 25 amino-acid residues In length comprising one or more residues 
of the amIno-acId sequences set forth in, SEQ ID NO: 13. 14.23,24 and/or 25 and 
variants of said fragments; 

30 fragments of SEQ ID NO:5 of less than 727 amino-acid residues in length, e.g. less 
than 400. such as less than 200, preferably less than 100. such as less than 75, e.g. 
less than 50. such as less than 25 amino-acid residues in length comprising one or 
more residues of the amino-acid sequences set forth in SEQ ID N0:15.16 and/or 27 
and variants of said fragments; 
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fragments of SEQ ID NO:6 of less than 748 amino-acid residues in length e g less 
than 400. such as less than 200. preferably less than 100. such as less than 75 e a 
less than 50. such as less than 25 amino-acid residues in length comprising one or 
more residues of the amino-acid . sequences set forth in SEQ ID NO:34 and variants 
> of said fragments; 

and 

^ polypeptides comprising SEQ ID NO:36. fragments thereof and variants thereof. 

in a prefen-ed embodiment, the above fragments comprise one or more residues of 
the amino-acid sequences set forth in SEQ ID NOs: 7-27 and 37 In a more 
prefen^d embodiment, the fragments comprise one or more residues of the amino- 
add sequences set forth in SEQ ID NOs: 7-16. In another more preferred 
embodiment, the fragments comprise one or more residues of the amino-acid 
sequences set forth In SEQ ID NOs: 17-25 and/or SEQ ID NO:14. In yet another 
more prefen^d embodiment, the fragments comprise one or more residues of the 
amino-acid sequences set forth In SEQ ID NO: 18. 19. 26. 27. and/or 37. 

Further prefen-ed polypeptides are fragments of SEQ ID NO:1 of less than 259 
amino-acid residues in length, such as less than 200. preferably less than 150 such 
as less than 100. e.g. less than 50. such as less than 25 amino-acid residues in 
length comprising one or more residues of the amino-acid sequences set forth in 
SEQ ID NO:7.8.17.26.28.29 and/or 30. such as one or more residues of the amino- 
acid sequences set forth in SEQ ID NO:7. e.g. one or more residues of the amino- 
acid sequence set forth in SEQ ID NO:8. such as one or more residues of the 
am,no-acid sequences set forth in SEQ ID NO:17. e.g. one or more residues of the 
amino-acid sequence set forth in SEQ ID NO:26. such as one or more residues of 
the amino-acid sequences set forth in SEQ ID NO:28. e.g. one or more residues of 
the amino-acid sequence set forth in SEQ ID NO:29. such as one or more residues 
of the amino-acId sequences set forth In SEQ ID NO:30. 

Further preferred polypeptides are fragments of SEQ ID NO:2 of less than 106 
amino-acid residues In length, such as less than 75. preferably less than 50. such as 
less than 25 residues in length comprising one or more residues of the amino-acid 
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sequences set forth in SEQ iD NO:9.10.18 and/or 19. such as one or more residues 
of the amino-acid sequences set forth in SEQ ID NO:9, e.g. one or more residues of 
the amIno-acId sequence set forth In SEQ ID NO: 10. such as one or more residues 
of the amino-acid sequences set forth in SEQ ID NO: 18. e.g. one or more residues 
5 of the amino-acid sequence set forth In SEQ ID NO: 1 9. 

Prefen-ed polypeptides include fragments of SEQ ID NO:3. with the proviso that if 
the polypeptide is a fragment of SEQ ID NO:3. that this fragment is not the fragment 
set forth in SEQ ID NO:35. Preferred are fragments of SEQ ID N0:3 of less than 
171 amino acids in length, such as less than 150. preferably less than 100. such as 
less than 75. e.g. less than 50. such as less than 25 amino-acid residues in length 
comprising one or more residues of the amino-acid sequences set forth in SEQ ID 
NO:11.12.20.21.22.31.32 and/or 33. such as one or more residues of the amino- 
acid sequences set forth In SEQ ID NO:1 1 . e.g. one or more residues of the amino- 
acid sequence set forth in SEQ ID NO:12. such as one or more residues of the 
amino-acid sequences set forth in SEQ ID NO:20. e.g. one or more residues of the 
amino-acid sequence set forth in SEQ ID NO:21, such as one or more residues of 
the amino-acid sequences set forth in SEQ ID NO:22. e.g. one or more residues of 
the amino-acid sequence set forth in SEQ ID NO:31. such as one or more residues 
of the amlno-add sequences set forth in SEQ ID NO:32. e.g. one or more residues 
of the amlno-add sequence set forth in SEQ ID NO:33. Other preferred fragments of 
SEQ ID. NO:3 are fragment between 173 residues and 317 residues in length 
comprising one or more residues of the amino-acid sequences set forth in SEQ ID 
NO:11.12,20.21 and/or22 or variants of said fragments. 



30 



Further preferred polypeptides are fragments of SEQ ID NO:4 of less than 437 
amino-acid residues in length, such as less than 200. preferably less than 100 such 
as less than 75. e.g. less than 50. such as less than 25 amino-acid residues in 
length comprising one or more residues of the amino-acid sequences set forth in 
SEQ ID NO:13.14.23.24 and/or 25. such as one or more residues of the amino-acid 
sequences set forth in SEQ ID NO:13. e.g. one or more residues of the amino-acid 
sequence set forth in SEQ ID NO:14. such as one or more residues of the amino- 
acid sequences set forth In SEQ lb NO:23. e.g. one or more residues of the amino- 
add sequence set forth In SEQ ID NO:24. such as one or more residues of the 
35 amlno-add sequences set forth in SEQ ID NO:25. 
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Further preferred polypeptides are fragments of SEQ ID N0:5 of less than 727 
ammo-acid residues in length, e.g. less than 400. such as less than 200. preferablv 
le^ than 100. such as less than 75. e.g. less than 50. such as less than 25 amino- 
5 aad residues In length comprising one or more residues of the amino-acid 
sequences set forth In SEQ ID NO:t5.16 and/or 27. such as one or more residues of 
the amIno-acid sequences set forth In SEQ ID N0:15, e.g. one or more residues of 
the am,no-acid sequence set forth In SEQ ID N0:16. such as one or more residues 
of the amino-acId sequences set forth In SEQ ID NO-27 

10 

Further preferred polypeptides are. fragments of SEQ ID NO:6 of less than 748 
amIno-acid residues In length. e.g. less than 400. such as less than 200. preferably 
less than 100. such as less than 75. e.g. less than 50. such as less than 25 amino- 
ao,d residues In lengtii comprising one or more residues of the amino-acid 
1 5 sequences set forth in SEQ ID NO:34. 

Preferred polypeptides Include polypeptides comprising or consisting of SEQ ID 
NO:36. Further preferred are fragments of SEQ ID NO:36, of less than 367 amino 
acid residues In length, such as less than 200. preferably less than 100. such as 

20 less than 75. e.g. less than 50. such as less than 25 amino-acid residues in length 
oomprising one or more residues of the amino-acid sequences set forth in SEQ ID 
NO:37. In one embodiment. In SEQ ID NO:36 and SEQ ID NO: 37 is a serine In 
another embodiment. X, In SEQ ID NO:36 and SEQ ID NO: 37 is an alanine In a 
further embodiment. X. In SEQ ID NO:36 and SEQ ID NO: 37 is a leucine In 

25 anotiier embodiment. X. In SEQ ID NO:36 and SEQ ID NO: 37 is an isoleucine 
Thus, different sequence embodiments for SEQ ID NO: 37 and the equivalent part 
of SEQ ID NO:36 include LAAELALR. LSAELALR, LAAEIALR. LSAEIALR. 

Preferably, the above defined polypeptide fragments of SEQ ID NOs-1-6 and 36 
30 comprise more than one residue of the specified amino-acid sequence, such as 
2.3.4.5.6.7.8 or 9 residues of the specified amino-acid sequence. A non-limiting 
example of such a prefen^d fragment Is a fragment of SEQ ID NO:1 comprising 9 
residues of the amino-acid sequence set forth In SEQ ID NO:7. Most preferably the 
above polypeptide fragments comprise all residues of the specified amIno-acid 
J5 sequence. A non-limlting example of a rhost preferred fragment is a fragment of 
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SEQ ID NO:1 comprising all 16 residues of the amino-acid sequence set forth in 
SEQ ID NO:7. 

in one embodiment, the polypeptide of the invention, preferably consists of an 
> exposed domain, such as domains comprising an amino-acid sequence selected 
from the group of SEQ ID NOs: 7-34 and 37. preferably the group of SEQ ID NOs- 
7-27 and 37. more preferably the group of SEQ ID NOs:17-27, SEQ ID NO M and 
SEQ ID NO:37. or variants thereof. An exposed domain may be detemiined as 
described above In the definition section. 

Further preferred polypeptides consist of an epitope of a polypeptide selected from 
the group of SEQ ID NO:1.6 and 36. comprising at least one amino acid from a 
pept.de selected finom the group of SEQ ID NO: 7-27 and 37. and fragments or 
variants of said epitope, in one preferred embodiment, the amino add residues of 
the epitope are consecutive residues from the polypeptide, in anotfier preferred 
embodiment, the anrtino add residues of the epitope are non-consecutive residues 
from the polypeptide. Furttier preferred embodiments indude more than 1 such as 
more than 2. preferably more than 3. such as more than 4 consecutive or non- 
consecutive amino adds of ttie sequences of SEQ ID NO: 7-27 and 37 The 
invention also relates to use of such epitopes in any of ttie methods or preferred 
methods of the invention. 
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Fragments that consist or essentiallv consi.<.t of ...i no-acid ...n. 

fi^m the a roup of SFQ |D NO: 7-3A anH rK7 

Prefen-ed polypeptides of tiie invention are fragments of one of the polypeptides set 
forth In SEQ ID NO:1-6 and 36 that essentially consist of one of the fragments set 
forth in SEQ ID NO:7-34 and 37. 'Essentially consists of is meant to indicate that 
the fragment comprises a substantial part of an amino-acid sequence selected from 
the group of SEQ ID NO:7-34 and 37 and In addition to that contains 10 or fewer 
flanking residues from the polypeptide on elttier or both (N-tenninal and/or C- 
termlnai) sides of the smaller fragment. A 'substantial parf herein means at least 2 
such as at least 5 amino adds of any of tiie amino acid sequence set forth in SEQ 
ID NO:7-34 and 37. Sudi a fragment ttius overlaps wltti the corresponding fragment 
selected from the group of SEQ ID NO:7-34 and 37. Preferably, the fragment that 
essentially consists of any of the amino-acid sequences set forth in SEQ ID NO:7-34 
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and 37 «,mprt8es the entire amln<«cid sequence of that sequence. Thus a 

nlr^oTT/ ? ^ ' °' °' *^ --''^ 

in SEQ D NO:1^ and 36 that comprises and essentially consists of one of the 

*agn,en^ set forth In SEQ ID NO:7.34 and 37. Such a ,„ Is thus largerth^^ 
5 conespondrna fraament selei^ted from the group of SEQ ID NO:7-34 and 37 

Compnses and essemially consists of Is n^n. to Indicate that the larger fragment 

in ^ T ^ '"^^ " '° NO:7-34 and 37 a,^ 

^ add-on to tt,a, contains 10 or fe«er flanking residues from the po^pep«de on 
e*er or ,>c.h (N-termlna, and/or Ctem^lnal, sides of the sjle 41" 
P^b^, *e la^er fragment contains fewer «,an 8. such as fewer than 6. e.g 
fewer than 4^e.g. fewer than 3. such as 2 or only 1 residue on one or both sides o, 
the smaller fragment. 

!I?eq'C^ r!r"'" Of invention are ftegmems selected f™, the g„.up 

the tegments ftom the group of fragments set forth In SEQ ID NO-7.34 and 37 
su* as me ^ment set forth In SEQ ID NO:7. or the .Gagmen, set forth In SEQ ID 

No t 'TT^ *'* " *^ ^ SEQ ID 

ID NO ,2 !r,rr"' ^ '° NO:1 1, or the foment set forth In SEQ 

SeZ Nol '° °' ^ ^ in 

in SEQ lo^o .r^"^"*"* '° "««'-9mentse.for«, 

n SEQ ID NO:16, or the fragment set forth in SEQ ID NO:17, or the fragment set 
o.h in SEQ ID NO. 8, or the fragment sett.* In SEQ ID NQ:ig, or.h^~ 
set forth ,n SEQ ID NO:20, or the fragment set forfl, in SEQ ID NO-21 or the 
f^^gment set forth In SEQ ID NO:22. or me figment set forth In SEQ ID NQ-23 J 

me fragment set forth ,n SEQ ID NO:24. or the .ragmen, se, forth In SEQ ID No 'as 
or me , , ,„ ,^ ^ ^ ^ ^^^ ^^ 

rE0?D Mn T '° " ^ In 

fnSEQrDMo;r''''''™"*^''*'"''''''''^°^»^'"*«'^3ment^ 
n SEQ ID NO:33, or me fragment se, forth In SEQ ID NO:34, or me fragment set 
«h ,n SEQ ID NO:37. The invomion a.o ralates to a variant of any of L at^ 
fi-agments or any omer fragment described herein 

No'rT' T,^"" " ""^"^ ""^ ^ ^ in SEQ ID 

Na7.16 and 37, such as the fragment set forth In SEQ ID N0:7. or me fragment set 
forth ,n SEQ ID NO:8, .metegmentsetforth in SEQ ID N0:9. cmefragmet^ 
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forth in SEQ ID NO:10. or the fragment set forth in SEQ ID N0:11. or the fragment 
set forth in SEQ ID NO:12, or the fragment set forth in SEQ ID NO:l3. or the 
fragment set forth in SEQ ID NO:14, or the fragment set forth in SEQ ID NO:l5 or 
the fragment set forth in SEQ ID NO:16. or the fragment set forth in SEQ ID NO:37. 
5 or a variant of any of these fragments. 

Compositions of the inventinn 

Compositions of the Invention comprising one or more of polypeptides of the 
invention .can be used in various methods and for various applications as described 
below. Having more than one polypeptide of the Invention in such a composition can 
have important advantages. For instance, immunisation or vaccination may be more 
effective when several polypeptides orfragments are introduced at the same time. 
Thus, in a main aspect the invention relates to a composition comprising one or 
more extracellular Aspergillus polypeptides or polypeptide fragments of the 
invention. Preferred compositions of the invention are ones that comprise one or 
more prefen-ed polypeptides of the invention, i.e. the polypeptides described above. 
Thus, any prefemed polypeptide of the invention can be used to generate a 
prefen-ed composition of the Invention. A preferred composition of the invention is a 
phamiaceutical composition comprising one or more polypeptide(s) and/or one or 
more polypeptide fragments of the invention and a phamiaceutically-acceptable 



carrier. 
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Cssl. isoproDvlmalate dehydrogenase B and GAPDH-B 

Three extracellular polypeptides that were identified by the inventors are of 
particular interest, namely Cssl. isopropylmalate dehydrogenase B. and GAPDH-B. 

Cssl 

This document presents data indicating the first identifications of Cssl, a novel cell- 
surface-exposed/secreted protein. This protein had previously been hypotiiesised 
based on the output of a gene prediction programme. However, the Inventors' 
studies have confirmed the existence of this protein and have revealed it to be a 
conidlal cell-wall-associated protein that is exposed on the surface while also being 
secreted/released into the surrounding milieu. The function of this protein is yet to 
be detemiined. However, its location within the diffusate is interesting in light of the 
documented abilities of diffusate to suppress the Immune responses (Hobson RP 
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(2000) Med. Mycol. 38. 133-141). Attempts to identify the protein(s) responsible for 
this suppressing activity have to date been unsuccessful. Without being limited to 
any specific theory. It Is possible that CssI is responsible for these functions but that 
they have not been attributed to it due to the basic difHculties in perfomiing 
5 molecular biology studies In Aspergillus fumigatus. It is interesting to note that the 
protein displays homology to LANA. a transcriptional regulator of Herpes virus (see 
below under Examples). Again without limitation to a specific theory, the possibility 
exists that CssI possesses a similar function. If so. one could envisage it functioning 
as an extracellular sensor that transmits signals into the interior of the fungus 
Alternatively, this protein may become active upon uptake into the host cell where it 
Utilises Its transcriptional activities to interfere with host processes, to the benefit of 
tine fungus. Other possible funcHons of this protein may include roles in adhesion 
invasion, conidial cell-wall processing or enzymatic digestion of host proteins. 

■^5 IsoproDvlm alate dehvriroaenase R 

Isopropylmalate dehydrogenase B (MDH B) is an enzyme involved in the 
biosynfliesls of leucine. It has previously been found intracellulariy in other 
microorganisms. The inventors have now identified this protein in cell surface 
20 fractions of A fumigatus. The primary sequence of the enzyme does not reveal a 
ti-aditional signal sequence and thus ttie question arises as to how the enzyme is 
transported to the cell suri'ace. Without being limited to a particular theory it is 
possible that the protein Interacts with a heat shock protein and that the heat shock 
protein mediates tianslocation of IMDH B across the membrane. Similar 
mechanisms have been described for otiier proteins in Young et al. (2003) Cell 
112:41-50. 
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The inventors have been the first to identify GAPDH-B. the polypeptide of SEQ ID 
NO:3. In one aspect, the Invention relates to the sequence set forth in SEQ ID NO S 
and variants tiiereof. Furthemiore. the invention relates to use of the polypeptide set 
forth In SEQ ID NO:3 in any of the mettiods or prefen-ed methods of the invention. 

GAPDHs are documented to function in glycolysis. Without being limited to a 
particular theory, tiie cell-surface localisation of GAPDH-B might suggest a role for 
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this protein In the initiation of germination. It would seem logical to assume that 
dormant conidia are more prone to germination when environmental conditions 
become more favourable for growth and propagation of the species One 
requirement for growth Is a carbon source, e.g. glucose. However, the dormant 
5 conidla must have some way of detecting external environmental conditions while in 
.ts state Of low metabolic activity. It is possible that the presence of glycolytic 
enzymes on the cell surface could result In the production of glucose by-products 
that may communicate to the cell that the external environment Is of sufficient status 
to support propagation of the species. The protein may alternatively or additionally 
function in other processes such as adhesion, invasion, intracellular motility or 
intracellular survival. It Is Interesting to note that GAPDH proteins possess the 

capability to bind to cytoskeletal components (see e.g.Tisdale (2002) J Biol Chem 
277. 3334-3341). This feature may provide conidia with a mechanism by which it 
can traverse host cells m order to reach the basal membranes and cause Invasive 
lo disease. 
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Production of Dolvpept ide and frag mantQ 

The polypeptides and fragments of the Invention can be produced synthetically by 
conventional techniques known In the art. Alternatively, they can be produced 
recombinantly In heterologous host cells. Thus, the invention also encompasses 
polynucleotide sequences encoding polypeptides and fragments of the invention 
expression vectors comprising such polynucleotides, and host cells transformed or 
transfected with such polynucleotides or expression vectors. Non-exclusive 
examples of polynucleotides of the invention are the polynucleotides of SEQ ID 
NO:38 and SEQ ID NO:39. Suitable host cells can be mammalian cells, e g CHO 
COS or HEK293 cells. Alternatively, insect cells, bacterial cells or fungal cells can 
be used. In preferred embodiments, yeast cells or cells from other AspergUlus 
species than A fumlgatus are used. Methods for heterologous expression of 
polynucleotide sequences in the cell types listed above and subsequent purification 
of the produced polypeptides are well-known to those skilled in the art. 



Preferably, polypeptides, fragments and polynucleotides of the ii 
isolated. 
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Vaccination 

Exposure of a fungal polypeptide or a fragment thereof to the extracellur^r 
Often a,^ I. to he Ceteoted hy the ,..une system of a host o" f suZ 
po^ptKte furthen^e has a retatlvely high copy number, such es is *e case'<^ 
5 me e>*aoel,uter polypeptides of this invention, such a polypeptide or s Z^, 
thereofbeeomespartculariysuitableasataiBetforantibodieT 

In an Important aspect, the invention relates tn ..co «f 

-~po^--or«.posrsr:edti^^ 

> of a med^ament, pretaab^ a vacdne. Such a medicament can prei^^blyttld 
for preventon 0.e. prephyiaCc treatment, of ^Hun 
such use the polypep^de. polynuc.eo.de or composition is ^LIT^^^ 
mmu„,sation or vaocinaHon. Ac«^i„g^. *e ,„ven»on also re^es to TJl^ 
fcr trea^ng ^e^«^ ^ po^uc^oLTt 

oomposibon of the invention as an active ingredient vnucleotKle or 

^ZTJ"^ re^es to a vacCne comprising a pham^utically^^ptable 



25 



30 



or 



- a polynucteoflde comprising a sequence encoding said polypeptide or dement 

Fu,them,ore, the invention relates to a method of treatment comprising the step of 
adm,n^nng to an individual a pham,aceu«cal^ effective amount o rnyt t,^ 
polypeptides, polynucleotides or ™i«ons of the invention. PretrbJ^ 
1 Trr^ a pretecave .mune response. Preferebly, the m^ll t 
used for the treatment or p^ph^acdc treatment of a human being. Prefe^ed 
:X7T^ - Of any Of the po,ypep«des set fo* in SEQ 0 
Nai,2.3 or 36 or fragments of these polypeptides for said manufacture of »,id 

rrrr:r-"'---«--'>--redt^^^^ 
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in preferred embodiment of W, method, said polypeptide is selected from fl,e 
g,oup Of SEQ ID N0s:1, 2, 3. 5. 6. end 36. in e more preferred embodiment the 
polypeptide that is provided is Cssi (SEQ ID N0:1) or a fragment thereof, preferably 
a ^ment comprfslng one or more residues of the amlno-add sequences set forth 
5 ,n SEQ i,^ NO:7,8,7,26.28,29 and/or 30, or a vaden. of said po,ypep«de. in another 
more pretenBd embodiment, the polypeptide that is provided is hydraphobin (SEQ 
ID NO:2) or a fragment thereof, preferably a fragment comprising one or more 
residues of the amlno^cid sequences set forth in SEQ ID NO:9,10,18 and/or 19 or 
a ^riant of said polypeptide-. In a further more prefen-ed embodiment GAPDH-B 
(SEQ ID NO:3) or a fragment thereof, preferably a fragment compriaing one or more 
residues of the amino^dd sequences set forth In SEQ ID NO-1 1 12 20 21 22 31 32 
and/or 33. or a vahanl of C3APDIM or the fragment Is provided, in a sBII further 
more prefened embodiment, the polypeptide that is prevlded Is cataiase A (SEQ ID 
NO:6) or a fragment thereof, preferably a tragment comprfslng one or more residues 
of the amlno^cid sequerKe set Ibrth in SEQ ID NO:34. or a variant of said 
polypeptide. In a further more preferred embodiment the polypeptide that Is 
prevded is isoprepylmalafe dehydrogenase B (SEQ ID NO:38) or a variant or 
fiagment thereof, preferably a fragment comprising one or more residues of the 
amino-aoid sequence set fixth in SEQ ID NO;37. 

in other prefened embodiments, a (ragment selected from the greup of SEQ NO-7- 
34 and 37 is provided, preferably a fragment selected from the graup of SEQ ID 
Na7-16. such as the fragment set forth in SEQ ID NO:7, or the fragment set forth in 

SEQ 1D NO:10. or the fragment set forth In SEQ ID NO:11, or the fragment set forth 
,n SEQ ID N0:12, or the fragment set forth in SEQ ID NO:13, or the fragment set 
iori^ ,n SEQ ID NO:14, or the fragment set ft,rth In SEQ ID N0:15, or the fragment 
set forth In SEQ ID NO:16. 
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Active .mmunlsatlon or vaccination may be done in different ways, such as raising 
anf-proteln antibodies Indirectly using DNA Immunisation techniques or directly 
using the polypeptide or a fragment thereof. The polypeptide may be administrated 
to said mammal more than once, such as twice, for example 3 times, such as 3 to 5 
times, for example 5 to 10 times, such as 10 to 20 Umes. for example 20 to 50 times 
such as more than 50 times. It is also possible that different polypeptides or 
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fragmente are administered to the same mammal, either simultaneously of 
sequentially In any order. Administration may be done by any suitable method for 
example parenterally. orally or topically. Preferably, however It Is administered by 
.njection. for example Intramuscular. Intradem^al. intravenous or subcutaneous 
5 injection, more preferably by subcutaiieous or intravenous Injection. 

Methods for detemilning suitable protocols for active Immunisation, such as 
determining dosage, use of adjuvants and/or pharmaceutically acceptable carriers 
are known to those skilled In the art. Various adjuvants can be used to increase the 
immunological response, depending on the host species, including, but not limited 
to. Freund-s (complete and Incomplete), mineral gels such as aluminum hydroxide 
surface active substances such as lysolecithin. pluronic polyols. polyanions' 
peptides, oil emulsions, keyhole limpet hemocyanin. dinitrophenol. and potentially 
useful human adjuvants such as BCG (bacllle Calmette-Guerin) and 
15 Corynebacterium parvum. 

Antibodies 

In another main aspect, the Invention relates to isolated antibodies capable of 
binding an extracellular Aspergillus fumlgatus polypeptide selected from the group 
20 consisting of Isopropylmalate dehydrogenase B (SEQ ID NO:36), CssI (SEQ ID 
NO^). hydrophobin (SEQ ID NO:2). GAPDH-B (SEQ ID NO:3). and catalase A 



h prefenred embodiments, the antibody Is capable of binding a polypeptide selected 
25 from the group consisting of isopropylmalate dehydrogenase B (SEQ ID NO-36) 
CSSI (SEQ ID NO:1) and catalase A (SEQ ID N0:6). More preferably, the antibody is 
capable of binding a polypeptide selected from the group consisting of 
isopropylmalate dehydrogenase B (SEQ ID NO:36) and CssI (SEQ ID NO I) Most 

30 (sSTd NO^'sV^^^ " dehydrogenase B 

Preferred affinities of the binding of the antibody to the target polypeptide Include 
those With a dissociation constant or Kd of less than 5 X 10-M, such as less than 
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, ^ - ^ ,vi, SUCH as less than 

10 M. e.g. less than 5 X 10-M. such as less than lO^M. e.g. less than 5 X id^M 
such as less than WM e.g. less than 5 X lO'^M. such as less than lO'^M. e.g. less 



25 



WO 2004/108765 

2^ PCT/DK2004/000407 

*an 5 X lO-M, such as less than e.g. less .han 5 X lO-'M, such as less than 
lO-M. e.g. less man 5 X 10 'V such as less than 10-M, e.g. less than 5 X 10-M 
such as less man 10"M, e.g. less man 5 X lO-M. such as less *an 10'^ eg' 
tess *a„ 5 X 10-«M, such as ^ ««n 10-M, e.g. less man 5 X lO-'M, su^h as 

> less man 10--M, e.g. tess man 5 X ,0-M, or less man 10 "M. Binding constal 
can be detennlned using memods well-known In me art, such as ELISA (eg as 
described In Orosz and 0»adl (2002) J. Immunol. Methods 270:155-162) or surface 
plasmon resonance analysis. 

> in p^fened embodiments, me anflbody of me InvenUon is capable of binding an 

T ^kT"" ""^"^ °' """'"^ ^ "^"9 - - Aspergnius 

eel Which has maintained its sm^ctumi integrity, preferably a ceil mat has 

maintained me integrity of me plasma membrane (i.e. wherein me plasma 

membrane is not pem«abilised). Binding of antibodies to intact ceils can eg be 

tested as described In the Examples herein. 

in furmer prefeired embodiments, me antibody of the invention, or at least an Fab 
fl^ment thereof, b capable of redudng me adhesion of Aspergillus fumigatus 
«H..d« to lung eplmeiia in an in vitro assay set-up as described herein in me 
B«mples, preferably reducing said adhesion with at least 20%, such as at least 
40 /o, e.g. at least 60% or at least 80%. 

Furmem,ore, it Is prefened mat me antibody of me invention, or at least an Fab 
fragment mereof, is capable of educing me gennlnation of Aspergillus fumigatus 
con,d« ,n an in vitro assay set-up as described herein In me Examples, preferably 
r^duang said adhesion wim at least 20%, such as at least 40%. e.9. at least 60% or 
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The antibod,es of me Invemlon are capable of specifically recognising and binding 
an Aspergillus fumigatus target polypeptide selected fmm the graup of SEQ ID 
NO:1 SEQ ID NO:2. SEQ ID NO:3. SEQ ID NO:6 and SEQ ID NO:36. •spedflcalV 
IS. .n this content not intended to mean absolute specificity. Thus, ■specles-speclflc 
.s used When It is intended t6 Wicate mat me antibody cannot bind to homologous 
polypeptides from other fungi. 
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In some embodiments, the antibody of the Invention is. in addition to being capable 
of binding an Aspergillus fumigatus polypeptide, capable of binding a homologous 
polypeptide from another fungus. E.g. In these embodiments, the antibody of the 
mventlon is further capable of binding a homologous polypeptide, wherein the 
homologous polypeptide has a sequence identity of 39% or more, such as 42% or 
more. e.g. 48o/o or more, such as 680/0 or more. e.g. 80% or more, such as 90% or 
more, to a polypeptide selected from the group consisting of isopropylmalate 
dehydrogenase B (SEQ ID NO:36). CssI (SEQ ID NO:1). hydrophobin (SEQ ID 
NO:2). GAPDH-B (SEQ ID N0:3). and catalase A (SEQ ID NO:6). Preferred are 
antibodies that are capable of binding a homologous polypeptide originating from 
one of the following species: 

- an Aspergmus species, such as Aspergillus fumigatus. Aspergillus nidulans 
Aspergillus niger. or Aspergillus oryzea. 

- Neurospora crassa, 

15 - Saccharomyces cerevislae. 

- a Candida species such as Candida albicans, 

- a Cocddioides species, such as Coccidioides posadasll, or Coccidioldes immitis 

- a Cryptococcus species, such as Cryptococcus neoformans var. neofomians. 

- a Fusarium species, 

20 - a Pneumocj^s species. 

- a Penidilium species, 

- Histoplasma capsulatum. 

More preferably, the homologous polypeptide originates from 

- an Aspergillus species, such as Aspergillus fumigatus. Aspergillus nidulans. 
-iS Aspergillus niger or Aspergillus oryzea, 

- Candida albicans, 

- Coccidioldes posadasll, 
or 

- Cryptococcus neofomnans var. neoformans. 

In one specific embodiment, the antibody of the invention further recognises a 
homologous polypeptide which also originates from Aspergillus fumigatus, such as 
the polypeptide of SEQ ID NO:41 . 
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In preferred examples of the type of embodiments described above, said 
homologous polypeptide Is also extracellular. Thus, the antibody capable of binding 
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both an Aspergillus fumlgatus polypeptide as well as a homologous polypeptide. ^Arill 
be capable of binding an intact cell of any one or more of the species from which the 
homologous polypeptide originates, i.e. one of 

- an Aspergillus species other than Aspergillus fumigatus. such as Aspergillus 
5 nidulans, Aspergillus niger, or Aspei^lllus oryzea, 

- Neurospora crassa, 

- Saccharomyces cerevisiae, 

- a Candida species such as Candida albicans, 

- a Coccidioldes species, such as Coccidioides posadasii. or Coccidioides immitis, 
10 - a Cryptococcus species, such as Cryptococcus neoformans var. neofomians, 

- a Fusarium species, 

- a Pneumocystis species, 

- a Peniciilium species, 
and 

15 - Histoplasma capsulatum. 

Binding of the antibodies of the invention to homologous polypeptides and/or otiier 
intact cells of other fungi can be tested by the method described herein in the 
Examples or by other standard methods known In the art 



20 



25 



30 



In prefen-ed embodiment, the antibody of tiie invention Is capable of binding one or 
more amino acid residues comprised witiiin a region of SEQ ID NO:36 that has 
significant identity to homologous polypeptides from otiier fungi, such as regions of 
SEQ ID NO:36 ttiat have identity witii a homologous polypeptide of 4,5,6,7.8 or 
more consecutive amino acids. Most preferably, antibody of the invention 
recognises an epitope which is entirely consisting of residues comprised within one 
of these regions of SEQ ID NO:36. In particular the following regions are prefen-ed: 
Ser67-Leu71. Ala74-Trp80. Ser191-Arg205. Leu268-Leu273. His292-Pro296, 
Glu355-lle360. Asp193-Glu209. Asp193-Ala199. Ile15-Val19. Val75-Trp80, and 
Pro11-Glu18. Further preferred are antibodies ttiat bind to an epitope of SEQ ID 
NO:36 -which comprises one or more residues of SEQ ID NO:37. Methods for 
epitope mapping are well known in the art. 
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In a different set of embodiments, the antibody of the invention is not capable of 
binding intact cells from one or more another fungi. For instance, in one such 
embodiment, the antibody Is not capable of binding an intact cell of any of 

- Neurospora crassa, 

5 - Saccharomyces cerevisiae, 

- Candida albicans, 

- Coccidioldes posadasH. or Coccidioides immitis. 

- Cryptococcus neoformans var neoformans, 
or 

10 - Histoplasma capsulatum. 

More prefe,.bly, «,e antibody of the invention Is not capable of binding an IntaC cel. 
of any of 

- Aspergillus nidulans 

- Aspergillus niger 
15 - Aspergillus oryzea, 

- Neurospora crassa, 

- Saccharomyces cerevisiae, 

- Candida albicans, 

- Coccidioides posadasii. or Coccidioides immitis, 
20 . Cryptococcus neofomrians var. neoformans, 

or 

- Histoplasma capsulatum. 

In one specific embodiment, the antibody of tlie Invention is species-specific ie not 
capable of binding homologous polypeptides or intact cells from other fungi than 
25 Aspergillus flimlgatus. 

The invention also relates to pham.aceutlcal compositions comprising an antibody of 
the invention and a pharmaceutlcally-acceptable canier. 

30 Raising antibodies and fu nctional aq iih/gi>:>nte 

in another aspect, the Invention relates to a method for raising specific antibodies to 
a polypeptide selected from the group of polypeptides set forth in SEQ ID NOs- 1-6 
and 36 in a non-human animal comprising the steps of 

a. providing a polypeptide selected from the group of polypeptides set forth in SEQ 
ID NOs: 1-6 and 36 or a polypeptide selected from the group of the polypeptide 
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fragments as defined In the present application, or a cell expressing any of these 
polypeptides, 

b. introducing a composition comprising said polypeptide or said cell into said 
animal, 

6 c. raising antibodies In said animal, and 

d. Isolating and optionally purifying the antibodies. 
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(SEQ ID N0.2) or a ftag„«n. «e«of. or a variant of said polypepflde. In ye, anomer 

(SEQ ID NO:3) or a «Bgmen, hereof, cc a variant o, said polypeptide. ,„ a ye, 
further embody of fte above n,effl,od, wherein ,he polypeptide that Is provided Is 
-^lase A (SEQ ID NO:6) or a tagmont .hereof, or a variant o, said po^pepBde 
And « an even furfter e„*odIn«rt of the above method, the polypepSde tha, Is 
proVKled ,s isopropylmalate dehydrogenase B (SEQ ID NO:36) or a fradmen, 
thereof, or a vaifEm, of said polypepflde. 

Amibodies include polyclonal anSbodles, monoclonal anUbodles, human, humanised 
or ch.menc anflbodies. slngle^=haln antibodies, and also Fab fragmente, F(ab% 

K^r"^ ^ '■"-'V. -«io,ypic 

anlbod,e8 hybnds comprising anSbody fragment, and epitope-blnding fragments 
of any of fte *ese. The tem. also Includes mixtures of monoclonal antibodies. 

in some embodiments, «,e antibody of me invention Is polyclonal. Polyclonal 
antibodies are heterogeneous populations of antibody molecules derived from the 
sera of animals Immunised widi an antigen, such as one of the extracellular 
Pdypeptdes Wentifled by the inven*„s, or a fragment, epitope or variant thereof 
For tt« p^iuction of polyclonal antibodies, host animals can be Immunised by 
.niechon vrth fte polypeptide supplemented «lth adjuvants. The antibody titer in the 
imniunlsed animal can be monitored over time by standam techniques, such as 
EL SA using immobilised polypeptide. If desired, the antibody molecules can be 
isolated from the animal, tor Instance from the blood, and furmer purified by well- 
known techniques, such as proteln-A chromatography, to obtein the IgG fraction 
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Thus. In a pnetea«d embodiment, the above described method tor generaSna an 
immune response comprises a step d. of isolating and pudding an«b^,e3 
generated In said immune response. >■ ' i araiooaies 

antbod^s, »h,ch are homogeneous populations of antibodies to a particular 
eprtope, c«n be obtained by any technique which provides for the p,oduc«on of 
a^molecutes by oonflnuous celHlnes in culture. These Include, bu, are not 
h^led to the hybndoma technique of Kohler and Miistein ((,975) Nature 266 485- 

^" '-^"'0- a . 

Z'^r TJT"' ^ 'JSA 80, 

^^:T. <C°le al., 1985. ^tono*na^ 

Ant,bod,es And Cancer ■n,erapy. Alan R. LIss, Inc.. pp. 77-96). Such antibodies can 
be of „unog.obulin dass Indudlr^ |gG, ,gM, igg. „^ ,gp 

antibody of this invention can be cultivated In vUroorln vivo. 

^riZr/ T"^ antlbody-secresng hybridomas, a monoclonal 

an^y directed against a polypeptide of the Invention can be Identifled and 
by screening a recombinant combinatorial immunoalobuiln library (e g an 
antibody phage<lisplay llb^iv) ^th the polypep«de of Intei^st or a ^ment «,Lo, 

T "ZTT^"^ "^"^ "^^"^^ are commercially available 

(e.g.. the Pham,acla RecomWnam P/iage Amibcdy System. Catalog No. 27-9400- 
01; and Jhe Sfatagene Su.fZAP'" P„age Dlsp,.y Kl,. Catalog No. 240612). 
Additonally, examples of methods and leagents particularly amenable for use in 
gen^atng and screening antibody display library can be found In, for example U S 
5,223.409; WO 92/18619; WO 91/17271; WO 92/20791 ; WO 92/15679 ' WO 
93/01288; WO 92A>1047; WO 92A^90; WO 90/02809; Fuchs et ar(;991^ 
Bion-e*,K,logy 9: 1370-1372; Hay et al.(1992) Hum. Antlbod. Hybridomas 3, 81-86- 
H^^al. (1989) science 246. 1275-1281; and Gri«hs et al. (1993) EMBO J. ^Z 
725-734. ' 
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Add*ona.y. recombinant antibodies, such as chimeric and humanised monoclonal 
^tbodles comprising both human ■arid Hen-human portions, which can be made 
using standard recombinant DNA techniques, are within the scope of the invention 
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A chimeric antibody Is a molecule in which different portions are derived from 
. d«e.n. an|ma, species, such ^ those having a variat>ie region deClm a 
munne mAb and a human immunoglobulin constant ^lon. (See ec us 
4.8,6.567; and U.S. 4.8,6,397. which a™ Incorpo^ted herl by S'enoe in Lir 
5 ^.rety.) Humanised anybodies are antibody molecules trom non-Zr pe^,: 
havng one or more comp,ementarity.,etermlnlng regions from the non-hum" 

U.S. 6 585,089. which ,s incorpomted herein by reference in Its entirel) Such 
*nenc and humanised monodona, antibodies can be produced by reoJmbfnan 

8^"T J" ™ "^'"^ "-"'^ "^^^ '" WO 

™ ^ Eu^pean Patent App,ica«on ,84,,87; Eu^pean Paten, Application 
17,.496. European Patent Appncatlon 173,494; WO 86/0,533; US 4 8,6 567 
airopean Patent Appiica«on ,25.023. Better e. ai. (,988, Science 240:,041 1«3 
UU e. al. (1987, Proc. Natl. Acad. SC. USA 84:3439-3443; Liu e, al ZsZ' 
• immunol. 139:3521-3526; Sun et ai. (1987, Proo. Natl. Acad. S.. USA ^2,12,8 
N«h»nura et ai. (,987, Cancer Res. 47:999-,00S; Wood et ai f1985> 1. 

314:446-449; and Shaw et ai (19881 i m=« r^ . ' ' 

f ijiidw ei ai. J. isiati. Cancer nst 80-1'^'=?':^ ic;c:q\. - 

(1985) Science 229:1202-1207- Oietal f1986^ Rin/r h 

5.225,539; Jones etal. (1986) Nature 321-552 5?.^. vorh ^ ^ Pat. No. 

239-1534 n . . 321.552-526, Verhoeyen et al. (1988) Science 

et a. (2^ )^;^^^^^^^^ 1 K ''' ■■''''^''O-' Wes«n Kwon 

et ai. (2002) Clin. Diagn. Lab. Immunol. 9, 201-204. 

ina h^hly p^msd embodiment the anybody of the invention is a human antibody 
Completely human anUbodies a,e partlcuteriy desirable for therapeutic treataent of 

InZbrr- ""^ ^ '^•^ - 

.ncapabte of exp^ssing endogenous immunoglobulin heavy and kappa light chains 

9«es. but Which can express human heavy and light chain genes. 1 ^ ns e 

m,ca are immunised In the nom«, feshion with a selected anUgen. e.g. all or a 

^ment of a polypeptide of the invention. MonoCona, antibod^s dl^cted a aTns 

^e an^gen can e.g. be obtained using conventiona, hybndoma technology The 

human immunoglobuiin tiansgenes harboured by the tansgenic mice reLng! 

n^on^Tta, using such a technique, it Is possible to produce theiapeuticaliy 
useful .go ,gA and IgE antibodies. For an overview of this technology for produ2 
human antibodtes, see Unbeig and Huszar (,995, int Rev. Immul ,3 ^^93, 
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human monoclonal antibodies and protocols fcrpn^duoino such antibodies see To 
WO ^43478; US. 5,625,126,- U.S. 5,633,425; U.S. 5,669,825; U.S. 5,LTo'6: 
an U.S. 5,545,806. Completely hu^an anybodies which recognise a fe e^ 
5 ep^cpe can be sene^ted using a technioue .ter^d to as "guided seieCon- tT 
app^ch a selected non-human monoc^nai anUbody, e.g. a mouse anti Jdy ls 
^ to gu,de the seiecBon of a compieteiy human antibody recognising the 
epitope (see Jespers et al. (1994) Bio/Technology 12, 899-903). 

< Highly suitable methods for m pnxluction of human monoclonal anUbodles have 
been descHbed In WO 04A,35607 (Genmab, and WO 04,043989 (Meda^ Fu^ 
^ilar methods have been desalbed in wo 03/017935 (Genmab), Wo oLl^^ 
(Genmab), WO 02/064634 (Medare.) and WO 03/040169 (Meda Jx). 

Anabody fragments «h,oh recognbe spedflc epitopes can be generated by known 
^hKiues. For exampte. such Itegments include but are not limited to 
^ments which can be produced by pepsin digestion of the antibody molecule and 

Inl Tp '° ^'^ ^ identmcatln " 

monoclonal Fab fragments with the desired speclBcily. 

Antibodies Of the invention also Include bispeciflc antibodies having two binding 
pecflC,^ Of Which a. least one is a specM^ty for a polypepUde selected Jm Z 

OS lln 36 ^ ~ <^ 



In prefened embodiments, the antibody of the invention is purified. 

30 AntlbOllV haj lgfrpai^ 

Antibodies can be used for passive Immunisation of mammals, p^ferabiy human 
^ngs, more preferably immunocompromised patients. A treatment ^,h aLodies 
^n be done to cure or to prevent Asp^,„us in,ec«ons. Thus, the invention relates 
to use Of an anfbody as defined he«in for the manufacture of a medicament 
35 pref^ra.^ a medicament for the treatment o, nrnga, Infection, or the 
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treatnent (prevention) of fungal infections, preferably Aspeymu, infecUons such as 
Aspergillus fumlgstus infecttons. Examples of fungal Infections are Invasive 
aspergillosis, aspengliioma, and allergic aspergillosis, such as ailerBic 
bronchopulmonary aspergillosis. 



Fom,uiated In another v»y, the invention relates to an antibody as defined herein or 
a composition as defined herein for use as a medicament The invention also relates 
to a method of treatment comprising the step of administering to an individual a 
10 pharrnac«„ticaiiy.eflective amount of an antibody of the inventon as defined herein 
and to a medicament for treating Asper^s Infections comprising an antibody o, 
the invention as an active ingredient 

Ahflbodles of the invention may be mechanlsUoally divided mto the following 

15 preferred groups: 

1^ Function-inhibiting antibodies that work as an antifungal (i.e. affect the viabiPrty of 
«ie fungus. Including both fungicidal and fungistatic effects). Such antibodies should 
be effective regardless of tfie immune status of the patient This category of 
antibodies includes pathogenesls-inhiblting antibodies, which block a protein 
required for disease (Adhesion/Invasion), and growth-Inhibiting antibodies, which 
block a protein required for gemilnation and/or sporulation 

2. Opsonising antibodies that are designed to enhance phagocytic killing. 
Effectiveness of such antibodies may depend on the immune status of the patient 
but .t is very well possible that they will enhance phagocytic killing even in 
compromised patients. Opsonising antibodies also comprise antibodies which 
enhance clearance by the Immune system via complement and phagocytosis 

3. Antibodies conjugated to a therapeutic moiety such as a toxin or fungicidal agent 
e g. ncin or radioisotopes, directed against fungal surface components. Techniques 
for conjugating a therapeutic moiety to antibodies are well known, see. e g Thorpe 
et al.(l982) Immunol. Rev. 62. 119-168. These antibodies should also be effective 
regardless of the Immune status of tiie patient 
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Validation of targets and antibodies can be done by the following methods known 
the art: 

- Invasion assays - test whether Invasion of Aspergillus Into lung cells Is prevented 
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- Adheston assays - test whether adhesion to and colonisation of lung cells Is 
prevented ^ ^ '® 

- Genrtnaaon assays - test whether growth and germination is prevented 

- Opsonisation assay - test whether function Is Inhibited, and dearanoe Is eased 

L?T ^ ■ ^"^'"^ »he*er clea-anoe 

IS e3seci 

- invasive disease animal models - tost whether disease is prevented 

in another aspect, the present Invention provides a composition, eg a 

a'^Z'^t ^ « ^ — 'onal 

r ^ the present Invention. The pham,aceuticai compositions may be 
*>nnulated with phanr^ceutlcal^ accepteble earners or diluents as wei, as any 
^c™, ad^nts a^i exdptenU In acoonlance ^th conven«onal ,echni,u J such 
» «»se disclosed m Remington: The Science and Pracf ce o, Phannacy, 19,h 
Ed*on. Gennaro, Ed.. Mack Publishing Co., Easton. PA. 1995. 

The pham^osutical composWon may be administered by any sultebie route and 
nxxle. M w,ll be appreciated by the skilled arisen, the n,ute and/or mode of 
adm,™stmt,on will vary depending upon the desired results. The pharnnaceuScai 
composrt,ons of the present Invention Include those suitebie for oral, nasa, topi^ 
Oncluding buccal and sublingual, vaginal and/or parenteral admi ittZ 

^rmu atons of the present InvenUon which are su«abie for vaginal admin^.re«o„ 

c«,te^n,ng such earners as are knom, In the art to be appropriate. Dosage fom,s for 
*e toprca. or tansdemrai admlnlstratton of composWons of this invention include 
powders, sprays, oina^ente. pastes, creams, lotions, gels, solutions, patches and 
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The phamraceutical composWon is preferably administered parentereiiy The 
Phrases parenteral adminlstraUon- and -administered perenteraliy as used herein 
n^r^modes^adminlstrata other than enterel and topical adminlstretbn. usually 

in? • cular. intrearteria' 

.ntrecapsular. Intreorblte,. ,n,^^^„,, .^^^ intreperitoneal. 
fcap^^eal. subcuteneous. subcuticular. ,ntrear«cular. subcapsular, subarachnoid, 
.ntresp,nal, epKlural and Intrastemal injection and Infusion. In one embodiment the 
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pham,ac«u«cal composition is adminlste,«d by Intravenous or sul>cutaneou, 
«.eo..n or inft^ion. in one «nbodin»n. the antibodies of the inventtL^ 
admmisterad in cn«taiilne fonn by subcutaneous injection, cf. Yang e, al 
PNAS, 100(12):6934^939. • ng et al. (2003) 

5 ' ■ . ■ 

RegaKlless Of the «»te of admlnisf^tion selected, the compounds of the present 
ITutirr .T' ^ Phannaceutically acceptable s ,. ort 

T • P'-^ceu.ical composKlons of the present 

inventon, a,e ,bm,ula.ed Into pham,aceu«ca,ly acceptable dosage foL by 
10 oonventionai methods known to those of sidll in the art. 

AS used herein, "phamiaceutlcaily acceptable mcudes any and all solvents 

d^persKX. med^. ooa«ngs. antlbac*eda. and antlfungai agents. Isotoniclty agents' 
anfox-dants and absorpBon delaying agents, and the liKe that a,e physLgicalh^ 
compafble. Pham,aoeu«cai^ ac«ptable car^e. in.ude steHle aqueous soC 

hl^r"? , extemporaneous preparation of steHle 

■n^bie solutK»« or dispersion. The use o, such media and agents for 
Pham«ceuticaiiy active substances is known in the art Except Insofar as any 
conven«onal media or agent is incompatible ^.h adve compound, use the J 
in the phamiaceutfcal compositions of the Invention is contemplated. Preferably the 
. sutebie fdr parenteral adminis»«on. e.g. infevenous or subcutaneous 
.njecton or ,nfus»n. Pham»ceuticai composiUons typically must be sterile and 

"T "^"^ " "^"^ ^ can be 

fomiulated as a solution, microemuision. liposome, or other ortered stmcture 
surtable to high drug concentration. Examples of «*ible aqueous and non-aqueous 
^ Which may be employed in the pham,aceu«cai compositions 0, the invention 
include water, ethanoi, polyols (such as glycemi, propylene glycol, polyethylene 
glycol, and the »ke,, and suKable mUtu^s thereof, vegetable olis, such as olivlT 
and iniei^bie oiganio esters, such as ethyl oleate. Proper fluidity can be 
martained. for example, by the use of coating materials, such as lecithin, by me 
n^aintenance of the required particle size In the case of dispersions, and by J use 
^surt^ctan^ pham,ac«u«ca. ™,«o„s may also contain adjujnts su^ 
as piesen^ ives, wetBng agents, emulsifying agents and dispersing agents 
P--tK,n Of presence of micooiganisms may be ensured both by sLillLon 
proceduies and by ^ incHision of vartous an«bacte,ta, and antifungal agenrfo 
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. example, paraben, chlorobutanol. phenol, sorbic acid, and the like. It may also be 
desirable to hdude Isotcniclty agents, such as sugars, polyalcohols such as 
manntol so*ltol. glyce^l or sodium chloHde In the competitions. Pham,aceutlcally- 
_ acceptable anfloxldants may also ba Included, for example (1) water soluble 
> an^ox-dants. such as ascorbic acid, cysteine hydrochlodde,' sodium blsu.^ 
sodium metablsuime, sodium sulfite and the like; (2) oil^oluble antioxidants, such a^ 
asco*yl palmltate, butylated hydroxyanlsole (BHA), butylated hydroxytoluene 
^HV) lec*,n, p^py, gallate. alpha-tocopherol, and the like: and (3) metal chela«ng 
agents^such as Citric add, ethylenedlamine tetraacatic acid (EDTA,, sortitol, tartaHc 
aod phosphonc add, and U,e Ike. P^ionged absorpSon of the Injectable 
composite can be brought about by Indudlng ,n the composition an agent that 
detays abson.ft». for example, monostea,^te salu and gela«n. Sterile Injectable 
solutions can be p«pa,ed by Incorporadng ,he active compound in tt,e requl^d 
amount in an app-opnate solved wHh one or a combination of Ing^dlents e.g. as 
enumerated above, as required. follo«ad by stertltation microfiltration. Generally 
d«psrao« ara praparad by incorporating the aotwe compound Into a sterile vehlde 
«^at contains a basic dlsperaton medium and the required other ingradiants e.g from 
those enumerated above. In the case of sterile powders for the preparaSon of sterile 
»,,edable solutions, the prehrred methods of preparaUon a^ vacuum drying and 
tt^Onng (lyophlllzaSon, that yield a powder of the adve Ingredient pl.1 any 
additional desired Ingredient ftom a previously sterile-filtered solution theraof. 

If appropriate, the antibody may ba used in a suitable hydrated fonn or in the fom, of 
a phamriaceutically acceptable salt A -pham^aceuticaiiy acceptable salf ■ rafers to a 
salt that ratalns the desired bk^oglcal adivHy of the parent compound and does not 
^mpart any undeslred toxlcologlcal effects (see e.g., Be-se, S.M., et al (1977) J 

ZT ^"'^ Of "Ol^xe -id addition salts and base 

add*on salts. Add addltton salt, Indude those derived from nontoxic inorganic 
acids, sud, as hydrod,loric, nlWc, phosphoric, sulfuric, hydrobromic, hydroiodic 
Phosphorus and the like, as w^l as from nontoxic organic acids such as aliphatic 
and dlcart>oxyllc adds, phenyt-substituted alkandc acids, hydroxy alkanoic 
aCKis, aromabc adds, allphatk: and aromatic sulfonic adds and the like. Base 
addition salts Indude those derived from alkaline earth metals, such as sodium 
potassium, magnesium, caldum and the like, as well as from nontoxic organic 
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amines, such as N.N'-dlbenzylethylenedlamine. N-methylglucamine. chloroprocalne 
choline, diethanolamlne, ethylenediamine. procaine and the like. 

Depending on the route of administration, the active compound, i.e.. antibody, and 
5 bispecific/multlspeclfic molecule, may be coated in a material to protect the 
compound from the action of acids and other natural conditions that may inactivate 
the compound. For example, the compound may be administered to a subject in an 
appropriate carrier, for example, liposomes. Liposomes include water-in-oil-in-water 
CGF emulsions as well as conventional liposomes (Strejan et al (1984) J 
Neuroimmunol. 7:27). TTie acUve compounds can be prepared with earners that will 
protect the compound against rapid release, such as a controlled release 
fomiulation. including Implants, transdemial patches, and microencapsulated 
delivery systems. Biodegradable, biocompatible polymers can be used such as 
ethylene vinyl acetate, polyanhydrides. polyglycolic acid, collagen. polyorihoesterB 
and polylactic acid. Methods for the preparation of such formulations are generally 
known to those skifled in the art. See. e.g.. Sustained and Controlled Release Drug 
Delivery Systems. J.R. Robinson, ed.. iVIarcel Dekker. inc.. New York. 1978. 

The phamiaceutical compositions can be administered with medical devices known 
in the art For example, in a prefen-ed embodiment, a therapeutic composition of the 
invention can be administered with a needleless hypodermic injection device such 
as the devices disclosed in US 5.399.163. US 5.383.851. US 5.312 335 US 
5.064.413. US 4.941.880. US 4.790.824. or US 4.596.556. Examples of well-known 
implants and modules useful in the present Invention include: US 4.487 603 which 
discloses an implantable micro-infusion pump for dispensing medication at a 
controlled rate; US 4.486.194. which discloses a therapeutic device for 
administering medicaments through the skin; US 4.447,233. which discloses a 
medication infusion pump for delivering medication at a precise infusion rate- US 
4.447.224. which discloses a variable flow Implantable infusion apparatus for 
continuous drug delivery; US 4.439.196. which discloses an osmotic drug delivery 
system having multi-chamber compartments; and US 4.475.196. which discloses an 
osmotic dmg delivery system, ly^any other such implants, delivery systems, and 
modules are known to those skilled in the art. 



25 



30 



WO 2004/108765 

^ PCT/DK2004/000407 

In certain embodiments, ^ antibodies of the invention can be fom,ulated to ensure 
proper distdbuson in vK«. ,=cr example, the biood-b.in barrier iS^ l^Z 
many h^t,^ Mroph,„e oom^^,, ^^^^ J -^u-- 

*e .nventon c^ss the BBB desi^,. they can be fon.uia.ed. for examp e h 
> Lposomes. For methods of manulach,ring liposomes, see, e g US 4 Sz/sT, no 
5,374,548; and US a.39g,331. T^e tiposomes may comprise one or mo^ ml^ 
WW, J selectiveiy transported Into specie cells or organs, thus enhance ZZ 
dmg deiiven, (see, e.g., V.V. Ranade (1989, J. Clln. Pharmacol. 29:685, Exemola^ 
ta^efng moWes include folate or bto«n (see, e.g., US 5,416,016 to T.^ V 
' mannos^ (Umezawa e, al.. (1988, Biocham. Blophys, Res. Commun. 153103 v 
a^bo-- (P-O. Bioeman e, ai. (1995, FEBS Lett 357:140; M. Owais a, al (Z 
A^<-b- Agents ChemoBier. 39:180,; surfactant protein A receptor (Brtscol et a ' 
199^ Am. J. Physioi. 1233:134,, d«eren, species of which ly LpT thl 

P120 (Schreier et al. (1994) J. Bio,. Chem. 269:9090); see also K Kelnanen- M L 
UukKanen (1994, FEBS UU. 346:123; J,J. «on; i.J. Fidler ('ll,' 
immunomethods 4:273. in one «.bodimen. of .he invention, .he laZ 
compounds or .he invenflon a« fomiuiated In liposomes; in a more prHd 
em^iment, «,e iiposomes indude a te„e.lng moiety. In a most p^Z 
embod,men., the the^peutlo compounds in the liposomes are d*e.d b^^^ 
njectK,n to a site p,o>dma. U, the desi^d a^, e.g.. the site of infecJn tZ 
compos^on must be fluW to the extern that easy synngability extets. I, must be 
s^le under the cond,«o„s of manut^Cu,. and stooge and must be pZl 
against the contaminating action of mlc^o-ganlsms such as bacteria and fuV 

'^r^lTrrT""" "^'^ " invenuon can be fom,ula.ed .o 
prevent or reduce the^ transport across the placenta. This can be done by methods 
known ,n the ar, e.g.. by PEGylation of the anybodies or by use TfX 

ZT . •C-n'ns^am-Rundles c, Zh o z 

GntWh B, Keenan J. (1992, Biological activities of po,ye«hyiene^h,col 
.mmu^k*ul.n conjugates. Restetance to enzymatic degradation. fTSZ 
Meaiods. 152:177-190; and to -Lander M. (1995, Matemal-fetai tra 2 o 
immunoglobulins, Ann Allemy Asthma Immunol 74:279-283. 
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Dosage regimens are adjusted to provide the optimum desired response (e a a 
*e«peutlo response). For example, a single bolue may be administe^d, se^',al 
d,«ded doses may i« administered over «me or the dose may be proportionally 
reduced or mcreased ae indicated by the exigencies of the therapeutic situation 1, is 
5 especially advantageous toicrmuiate parenteral compositions In dosage unit fom, 
for ease of administration and unlfom,ity of dosage. Dosage unit form as used 
herein refers physically disCBte units suited as unlta^ dosages for the subjects to 
be tneatad; each unit contains a p^detemiined quantity of active compound 
calculated to produc« the desired therapeutic effect In assoclaton with the required 
pharmaceutical carter. The speclflcation for the dosage unit fonns of .l,e invention 
are dictated by and directly dependent on (a) the unique characteristics of the active 
eontpound and the particular therapeuUc effect to be achieved, and (b) fl,e 
l.m«ations inherent In the art of compounding such an acttve compound for the 
treataent of sensitivity in individuals. Actual dosage levels of the active ingr^lents 
. in the pham«ceutlcai composltlbns of the present Invention may be varied so as to 
obtain an amount of the active Ingredient which Is effective to achieve the desired 
«he.apeutic response Ibr a parUcular patient, composition, and mode of 
administration, without being toxic to the patient. The selected dosage level will 
depend upon a variety of phamiacoklnetic factors including the activity of the 
particular compositions of the present invention employed, or the ester, salt or 
amKle thereof, the route of administration, the Ome of administration, the rate of 
accretion of the particular compound being employed, the duration of the treatment 
other drugs, compounds and/or materials used in comblnaUon v^th the particular 
compositions employed, the age, sex. weight, condition, general health and prior 
medical history of the patient being treated, and like factors well known in the 
medical arts. A physician or veterinarian having ordinary skill In the art can readily 
detemime and prescribe the effective amount of the phannaceutlcal composition 
required. For example, the physician or veterinarian could start doses of the 
compounds of the Invention emptoyed In the pharmaceutical composition at levels 
lower than that required In order to achieve the desired therapeutic effect and 
gradually increase the dosage until the desirad effect is achieved. In general a 
suteble dally dose of a composition of the inventton will be that amount of fte 
compound which Is the lowest dose effective to produce a therapeulte effect Such 
an effective dose will generally depend upon the fectora described above it is 
prefened that administration be Intravenous, intramuscular, intraperitoneal or 
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. subcutaneous, preferably administered proximal to the site of the target If desired 
the effective daily dose of a therapeutic composition may be administered as two' 
three, four. five, six or more sub-doses administered separately at appropriate 
.ntervals throughout the day. optionally, in unit dosage forms. While it is possible for 
5 a compound of the present invention to be administered alone, it is preferable to 
administer the compound as a phamiaceutical formulation (composition). 

In one embodiment, the antibodies according to the invention can be administered 
by infusion in a weekly or daily dosage of from 10 to 500 mg/m2. such as of from 
200 to 400 mg/m2. Such administration can be repeated, e.g.. 1 to 8 times, such as 
3 to 5 times. The administration may be performed by continuous infusion over a 
period of from 2 to 24 hours, such as of from 2 to 12 hours. In another embodiment 
the human monoclonal antibodies can be administered by slow continuous Infusion 
over a long period, such as more than 24 hours, in order to reduce toxic side effects 
In still another embodiment the human monoclonal antibodies can be administered 
in a weekly dosage of from 250 mg to 2000 mg. such as for example 300 mg 500 
mg. 700 mg. 1000 mg. 1500 mg or 2000 mg. for up to 8 times, such as from 4 to 6 
times. The administration may be perfomied by continuous infusion over a period of 
from 2 to 24 hours, such as of from 2 to 12 hours. Such regimen may be repeated 
one or more times as necessary, for example, after 6 months or 12 months In yet 
another embodiment, the human monoclonal antibodies can be administered by 
maintenance therapy, such as. e.g.. once a week for a period of 6 months or more. 

Combination treatment 

The phamiaceutical composition of the invention may contain one or a combination 
of antibodies of the invention. Thus, in a further embodiment, the pharmaceutical 
compositions include a combination of multiple (e.g.. two or more) isolated 
antibodies of the invention which act by different mechanisms. 

Treatment of antifungal infections as defined herein, for example passive 
.mmunlsation with antibodies specifically recognising and binding the extracellular 
Aspergillus polypeptides as defined herein, can also be combined with any other 
type of therapy. In particular other antifungal therapy. Thus, an antibody with or 
without a therapeutic moiety conjugated to it can be used as a therapeutic that is 
administered alone or in combination with antifungal chemotherapeutics or other 
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therapeutic agents. For instance, treatment with an antibody as defined herein can 
be combined with treatment with antifungal compounds, such as azoles (eg 
fluconazole. Itraconazole, ketoconazole. miconazole), amphotericin B. flucytosine' 
or echinocandlns. such as Caspofungin. Alternatively, or In addition, treatment with 
antibodies as defined herein can also be combined with treatment with other 
antifungal antibodies, for instance antibodies directed against HSP90. such as 
Mycograb (Matthews et al. (2003) Antlmicr. Agents and Chemotherapy 47:2208- 
2216). 

Combination therapy can in some circumstances be more effective than single 
component therapy. Combination therapy can be particularly useful for patients that 
suffer from infection with multiple fungal species, for example patients having both a 
Candida and an Aspergillus Infections. 



Binding partners and inhibitors nf .^ vtracellular p niypoptiH^o 
in addition to antibodies. It is of interest to Identify other types of binding partners to 
extracellular polypeptides. Extracellular polypeptides of a pathogenic fungus often 
interact with the host organism. Any type of binding partner of an extracellular 
polypeptide may interfere with host-pathogen interaction. Binding partners may thus 
^0 antagonise the pathogenicity of the fungus. 

Identification of binding partners of the extracellular polypeptides set forth in SEQ ID 
NO:1.6 and 36. or fragments thereof, is another main aspect of this invention This 
may be done using biochemical or cell-based methods. 



Biochemical methods 

in a main aspect, the Invention relates to a method for identifying a binding partner 
of a polypeptide of the Invention and/or a polypeptide selected from the group of 
SEQ ID NOs:1-6 and 36. comprising the steps of 

a. providing a polypeptide of the Invention as defined herein or a polypeptide 
selected from the group of SEQ ID NOs:1-6 and 36, 

b. contacting said polypeptide with a putative binding partner and 

c. detennlning whetiier said putative binding partner is capable of binding to said 
polypeptide. 
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Thus, in one embodiment of the above method, the polypeptide that is provided is 
Cssi (SEQ ID NO:1) or a fragment thereof, or a variant of said polypeptide In 
another embodiment, the polypeptide that is provided is hydrophobin (SEQ ID NO-2) 
or a fragment thereof, or a variant of said polypeptide. In another embodiment the 
5 polypeptide that is provided Is GAPDH-B (SEQ ID NO:3) or a fragment thereof or a 
vanant of said polypeptide. In a yet other embodiment, the polypeptide that is 
provided Is catalase B (SEQ ID NO:5) or a fragment thereof, or a variant of said 
polypeptide. In a further embodiment, wherein the polypeptide that is provided is 
catalase A (SEQ ID NO:6) or a fragment thereof, or a variant of said polypeptide. In 
an even further embodiment, wherein the polypeptide that is provided is 
Isopropylmalate dehydrogenase B (SEQ ID NO:36) or a fragment thereof, or a 
variant of said polypeptide. 

In a preferred embodiment of this method of the invention, said polypeptide is 
selected from the group of SEQ ID NOs:1. 2.3.5.6. and 36 such as the polypeptide 
set forth In SEQ ID NO:1. or the polypeptide set forth in SEQ ID NO-2 or 
polypeptide set forth in SEQ ID NO:3. or the polypeptide set forth in SEQ ID NO-5 
or the polypeptide set forth in SEQ ID NO:6 or the polypeptide set forth in SEQ ID 
NO:36. In other prefen-ed embodiments, an exposed domain, an epitope or a 
fragment of one of the polypeptides set forth in SEQ ID NOs:1-6 and 36 comprising 
one or more amino-acid residues of the sequences set forth in SEQ ID NO- 7-34 
and 37 Is provided In step a. In further preferred embodiments, a fragment selected 
from the group of SEQ NO:7-34 and 37 is provided, preferably a fragment selected 
from the group of SEQ ID NO:7-27 and 37. or a variant or fragment of any of the 
25 amino-acId sequences set forth In SEQ ID NO;7-27 and 37. 

in prefen-ed embodiments of this method, the polypeptide or fragment thereof is 
provided immobilised on a solid support, such as e.g. a column or microtiter plate 
and. after the contacting step. It Is determined whether or not the putative binding 
partner has bound to the solid support. Immobilisation of the polypeptide or fragment 
thereof may be through direct binding to the solid support, or through indirect 
binding e.g. using a specific antibody. In prefen-ed embodiments, a washing step is 
performed between the contacting step and the detemiination step, in order to 
Improve the specificity of detection. In further preferred embodiments, the putative 
binding partner Is labelled. The putative partner may be labelled before the 
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contacting takes place. Alternatively, labelling may also be performed after the 
contacting step. Furthermore, in some embodiments of this method, immobilisation 
may be performed after the polypeptide or fragment thereof has been bound to the 
binding partner. In preferred embodiments, the method is repeated for a plurality of 
5 putative binding partners. Putative binding partners include host-derived molecules. 

Alternatively, a binding partner of a polypeptide of the invention or of a polypeptide 
selected from the group of SEQ ID NO:1.2,4.5. 6 and 36 may be identified as 
follows: purified host membranes are electrophoretically separated, blotted over to a 

10 membrane and incubated with the polypeptide of interest or fragment thereof 
Binding can then be detected using antibodies specific for the polypeptide of interest 
or fragment thereof. The host binding partner to which the polypeptide or fragment 
thereof has bound can subsequently be identified by elution from the blot and 
subsequent analysis by mass spectrometo.. or by any other technique known in the 

15 art. 



If the binding partner of an extracellular polypeptide of a pathogenic organism is a 
host-derived molecule, then such an interaction between the extracellular 
polypeptide and the host may be important for the virulence of the fungus 

20 Compounds that Interfere with the interaction of the extracellular polypeptide and the 
host binding partner may thus be suitable for prevention or treatment of fungal 
infections. Accordingly, another method of the invention relates to a method of 
Identifying an inhibitor of the Interaction of an extracellular Aspergillus polypeptide 
selected from the group of SEQ ID N0:1.6 and 36 or fragment thereof with a host- 

25 denved binding partner comprising the steps of: 

a. providing a polypeptide selected from the group of SEQ ID N0:1-6 and 36 or a 
fragment thereof, 

b. providing a host-derived binding partner of said polypeptide 

. c. contacting said polypeptide with said host-derived binding partner in the 
absence of a putative inhibitor of said Interaction 

d. contacting said polypeptide with said host-derived binding partner in the 
presence of said putative inhibitor 

e. detemilning whether the strength of the binding of said polypeptide to said host- 
derived binding partner resulting from step d. is reduced as compared to that 

35 resulting from step c. 
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In some embodiments, step c. and d. may be performed In two different sample 
compartments, ,n other embodiments, step d. may be par,om,ed by 
P^^ .nhlbHor to the mUtu. of step c. ,„ preferred embodiments a ^m n 
_ selected from the group of SEQ ID N0:7^ and 37 Is provided in step a. In oZ 

> pr^ embodiments, .he po^pep,,de of SEQ ID NO:1,2.3,5. 6, or 36 is provided 
n further pre^.n«, embodiments, the method is repeated for a plurality of putative 
,nh,b,to„. Of further part^iar inters, are binding partner that inhibit an ality of 
an «^cellular polypepBde. Such activity may be enzymatic activity, transport 
ao^, or any ^ Of other biochemical or cellular activity, preferably enzymatic 

> aCMty. inhlb^o. of IMDH B, GAPDH, enoiase or catalase may be scrre" 

CALBIOCHEM, cat. no. 219263, and e.g. the assays described in PIrrunq et al 

Tl ? "^'-"^^^ ^*«"' ^' <^''°^' - Chroma.ogr.77, 3 : 

e. a,.( ggi) p,3n, MoI. BIC. 16, 787-795; Machida e. al. (1996, Biosci 
^no. B,ochem 60, 161-163= ^ ^ and Lobo (1971, J Biol cJm 246, 
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Cell-based methodst 

Reducing «,e level of an exttacellular polypeptide, by deletion or disruption of the 
structural gene for I, or by down-regubtng gene expression (see below), may affect 
a ^nga <^,. «ll may become mor. sensitive to cytotoxic Lpoun 
Especally for extracellular poM»p«des. a reducBon of meir level may aL the 
^.ncton of the ceirs extertor parts, such as me plasma membrane or cell wall n 
preventrng compounds of entering *e cell. Thus, reducUon of «,e level of an 
extacellular polypeptide can make a ceil mor, 'pemieable' for various compounds. 

An aspe« of the present Invention rBlatos to a method for IdantByIng a compound 
wrth atth-AsperglHus fiimlgatus acflvity comprising the steps of 

JO <romlhegroupofSEQIDNO:1-6and36,and 

b. determining ,he sensltlv.ty of said cell to a pute«ve Inhibitor, for instance by a 
growth assay. ^ 

in a prBferred embodiment, a seneifeed cell which has a reduced tevel of a 
PolypepMe selected ftom Regroup of SEQ ID NO:1,2,3,5, 6, and 36 is provrded In 
sfep a. in an even more preferred embodlmen. of the method, a sensiSsed cell 
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v«hloh has a reduced level of CssI (SEQ ID NO:1), hydrophoWn (SEQ ID N&2) 
GAPDH (SEQ ID NO:3,, catelase A (SEQ ID N0:6), or isopropylmalate 
dehydrogenase B (SEQ ID NO:36) Is provided. 

5 The rationale behind this approach Is that a cell with a lower level of the extracellular 
polypeptide Will e>d*l, Increased sensitivity to cytotoxic compounds, allowing 
,dent«cation of antifungal compounds low potency that are missed when using 
wid-type cells for the assay. Compounds identified by this method will be often need 
to be modified in onjer to improve potency. This can be done by chemical 
modflcation. In preferred embodiments, the method is .^peated for a plurality of 
putative binding partners. 

inhibition of the adMty of an extracellular polypeptide may aHeot the viability (1 e 
sunrtval, gnwrth and/or prolHerrton) of the fungus. Of particular Interest Is inhibition 
^ extracellular polypeptides that are essenflal for viability of A. fumfeate 
Essentiality of an Aspenms gene may be Investigated e.g. using regulatable 
expression as. described In WO 0a086090. Inhibitor of essential extracellular 
polypeptides may not need to enter fungal cell to be able to affect Its viability 
Thus, generally fewer requirements are posed on the stmcture of an inhibitor of 
essential extracellular target poiypepBde than on an inhibitor of an intracellular 
target, to be effective as an antifungal agent 

Thus, the invention relates to a method for identifying an Inhibitor of an extracellular 
Aspergillus fumigatus polypeptide selected from the group of SEQ ID NO:1.6 and 36 
comprising the steps of 

a. providing two cells which differ In the level of a polypeptide selected from the 
group of SEQ ID NO:1-6 and 36, 

b. detemiining the sensitivity of said cells to a putative inhibitor, for instance by a 
30 growth assay, and 

c. detemiining whether said two cells are differently affected by the presence of said 
putative inhibitor. 

The rationale behind this approach is that the viability of a cell with a lower activity of 

35 r r"""'''" '"^^ ""^''^ ^" '"^'^'^^^ °f P^'^P-P^^e than 

35 the viability of the cell with a higher level. If the two cells are differently affected this 

.s an indication that the inhibitor acts on the target or in the same biochemical 
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pathway. In a preferred embodiment of the method, said polypeptide is CssI (SEQ 
ID N0:1). GAPDH (SEQ ID NO:3). catalase A (SEQ ID NO:6). or Isopropylmalate 
dehydrogenase B (SEQ ID NO:36). 

In some embodiments of the method, the two cells with different activity of the 
polypeptide of Interest are a wild-type cell (or other cell with wild-type activity of the 
gene of interest) and a sensitised cell with a reduced activity of the polypeptide of 
interest. In some embodiments, the different or reduced level in the sensitised cell 
can be a different or reduced expression level of the gene of interest (resulting in a 
different or reduced copy number of the polypeptide). This can be accomplished by 
. putting the gene under control of a regulatable promoter or by regulatable 
expression of an antlsense RNA which inhibits translation of an mRNA encoding the 
essential polypeptide. In other embodiments, the different or reduced activity can be 
a different or reduced activity of the polypeptide of interest, e.g. due to a mutation 
such as a temperature-sensitive mutation. In preferred embodiments, the metiiod is 
repeated for a plurality of putative binding partners. 

Suitable ways of generating sensitised cells and of using these in screening for 
inhibitors have been described in WO 02/086090. Sensitised cells may be obtained 
by growing a conditional-expression A fumigatus mutant strain In the presence of a 
concentration of Inducer or repressor which provides a level of a gene product 
required for fungal viability such that the presence or absence of its function 
becomes a rate^letemiining step for viability. A number of suitable regulatable 
promoters for constructing such conditional-expression mutants of Aspergillus is 
described in WO 02/086090. page 76. line 34 through page 85. line 4. For example 
If the regulatable promoter is repressed by tetracycline, the conditional-expression 
Aspergillus fumigatus mutant strain may be grown in the presence of partially 
repressing concentrations of tetracyline. The sub-lethal concentration of Inducer or 
repressor may be any concentration consistent with tiie Intended use of the assay 
For example, the sub-lethal concentration of the inducer or repressor may be such 
that growth Inhibition Is at least about lO^/o, such as at least about 25%, e.g at least 
about 50%. such as at least about 75%. e.g. at least 90%. such as at least 95%. 

Similarly, the virulence or pathogenicity of cells exposed to a candidate compound 
which express a rate-limiting amount of a gene product required for virulence or 
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pathogenicity may be compared to the virulence or pathogenicity of ceils exposed to 
the candidate compound in which the level of expression of the gene product 
required for virulence or pathogenicity is not rate-limiting. In such methods test 
an.mals are challenged with the conditional-expression A. fumigatus mutant strain 
and fed a diet containing the desired amount of tetracycline and the candidate 
compound. Thus, the conditional-expression mutant strain infecting the test animals 
expresses a rate limiting amount of a gene product required for virulence or 
pathogenicity (I. e. the conditional-expression mutant cells in the test animals are 
sensitised). Control animals are challenged with the conditional-expression mutant 
sfrain and are fed a diet containing the candidate compound but lacking tetracycline 
The virulence or pathogenicity of the conditional-expression A. fumigatus mutant 
strain in the test animals is compared to that in the control animals. For example if a 
signrficant difference In growth is observed between the sensitised conditional- 
expression mutant cells (i. e. the cells in animals v^ose diet included tetracycline) 
15 and the non-^ensltlsed cells (i. e. the conditional-expression mutant cells animals 
Whose diet did not include tetracycline), the candidate compound may be used to 
inhibit me vimlence or pathogenicity of the organism or may be further optimised to 
Identify compounds which have an even greater ability to inhibit the virulence or 
pathogenicity of the organism. Virulence or pathogenicity may be measured using 
the techniques known in the art. 

In another embodiment of the cell-based assays of the present invention, sensitised 
cells are obtained by reduction of the level activity of a polypeptide required for 
ftingal viability using a mutation, such as a temperature-sensitive mutation, in the 
polypeptide. Growing such cells at an intennediate temperature between the 
pemiissive and restrictive temperatures produces cells with reduced activity of the 
gene product. It will be appreciated that the above method may be performed with 
any mutation which reduces but does not eliminate the activity or level of the gene 
product Which is required for fungal viability. This approach may also be combined 
with the conditlonal-expresslon approach. In this combined approach, cells are 
created In which there is a temperature-sensitive mutation in the gene of interest 
and in which this gene Is also conditionally-expressed. 
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When screening for inhibitors of an essential polypeptide, growth inhibition can be 
measured by directly comparing the amount of growth, measured by the optical 
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density of the culture relative to unlnoculated growth medium, in an experimental 
sample with that of a control sample. Aitemative methods for assaying cell 
proliferation Include measuring green fluorescent protein (GFP) reporter construct 
emissions, various enzymatic activity assays, and other methods well known in the 
5 art Other parameters used to measure viability include e.g. colony forming units 
The above method may be perfomied in solid phase, liquid phase, a combination of 
the two preceding media, or In vivo. Multiple compounds may be transferred to agar 
plates and simultaneously tested using automated and semi-automated equipment 



10 



15 



20 



Cell-based assays of the present Invention are capable of detecting compounds 
exhibiting low or moderate potency against the target molecule of interest because 
such compounds are substantially more potent on sensitised cells than on non- 
sensitised cells. The effect may be such that a test compound may be two to several 
times more potent, e.g. at least 10 times more potent, such as at least 20 times 
more potent, e.g. at least 50 times more potent, such as at least 100 times more 
potent. e.g. at least 1000 times more potent or even more than 1000 times more 
potent when tested on the sensitised cells as compared to non-sensitised cells. 

A mutant A fumigatus strain ttiat overexpresses an extracellular polypeptide can 
also be used to Identify a compound that inhibits such a polypeptide If the 
compound is cytotoxic, overexpression of the target polypeptide can make cells 
more resistant Thus, ttie invention also relates to a method for identifying an 
inhibitor of an extracellular Aspergillus polypeptide selected from the group of SEQ 
ID NO:1-6 and 36 comprising tiie steps of 

a. providing two cells which differ In flie activity of a polypeptide selected from the 
group of SEQ ID NOrl-B and 36. wherein one cell contains a substantially wild- 
type copy number of said polypeptide and the other cell contains higher than 
wild-type activity of said polypeptide 

b. detemiining tiie sensitivity of said cells to a putative inhibitor, for instance by a 
30 growth assay, and 

c. determining whettier or not said two cells are differently affected by the presence 
of said putative inhibitor. 
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Preferably, the two cells differ in the activity of a polypeptide selected from the group 
of SEQ ID NO:1. 2.3.5,6. and 36, such as tiie polypeptide of SEQ ID N0:1. or tiie 
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Overexpresslon may be achieved using strong promoters, e.g. u,e A nlgerP^ A 
pmmo^, the A „,^,^ p^, 3,cA(p,, or the oonstitutlve JZlTo^ 
phospHoglyoero^nase, GPOHglucose^-phosphate dehydrogenase, Z ENO 

d^^oribed In Adams et al 
^. Blo,. Rev. S2. 35-54. Adams et a,. (,9S8, Cell 
Andri^opoulos and Tlml>«r,ake (1991, Plant Cel, 3, 747-748: Gwynne e al (19^i 
Gene 51:205-216; U«k,ngton et al. (1985, Gene 33:137-149. ^ 

in addition to lnhlblto„ of a biochemical or other cellular activity of an extracellular 

Induce the expression level of a target, and the^by «s copy numL eg bv 
interfering with gene regulation. ^' ^ 

In preferred embodrments of the any of tta cell-based- or biochemical methods for 
^e^ng binding par^re. or ,nh,b«ors, ^e method . repeated for a pll^ ^ 
candidate compounds. Fuiamy oi 

in a ^rther as^, mvemion relates to the mutant A. strains used in 

the «H-based methods described herein, such as strains In which the ger^^ 
encodrng the extracellular po^«de ptaced under the control of a l^^Z 
2^ P-oter. strains canying tempe^ture-senslt^e allele Tl 
^.-oellu^r po^ep«des. and strains overexpressing «,e extracelluter polypeptldlT 

Other methods of interfering with fungal gn™* by targeting essential extracellular 
po^eptides include suppression of gene expres^on using specrCr!!^ 
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molecules, such antisense RNA or DNA. and using ribozyme molecules specific for 
mRNA encoding the essential extracellular polypeptides. 

Diagnosis 

in a further main aspect, the Invention relates to a method of diagnosing Aspergillus 
infection comprising the steps of 

a. providing a sample from an individual, 

b. contacting said sample with an indicator moiety specific for a polypeptide of the 
Invention as defined herein, or specific for a polypeptide selected from the group 
of CssI (SEQ ID NO:1). hydrophobin (SEQ ID NO:2), GAPDH (SEQ ID NO:3). 
catalase A (SEQ ID Na6) and Isopropylmalate dehydrogenase B (SEQ ID 
NO:36). and 

c. detemninlng whether a signal has been generated by the indicator moiety. 

15 in a preferred embodiment of this method, the polypeptide of the invention Is a 
polypeptide selected from the group of SEQ ID NO:1, 2,3.5.6, and 36 such as the 
polypeptide of SEQ ID NO:1. or the polypeptide of SEQ ID NO:2, or the polypeptide 
of SEQ ID NO:3, or the polypeptide of SEQ ID NO:5. or the polypeptide of SEQ ID 
NO:6. or the polypeptide of SEQ ID NO:36. In other preferred embodiments of this 
method, the Indicator moiety Is specific for a fragment selected from the group of 
fragments set forth In SEQ ID NO:7-34 and 37. 

The Indicator moiety Is capable of binding to the target polypeptide of Interest In 
prefen-ed embodiments, said Indicator moiety is or comprises an antibody. 
Antibodies directed against a target extracellular polypeptide or fragment thereof 
can be used to detect the polypeptide in order to evaluate the abundance and 
pattern of expression of the polypeptide under various environmental conditions, in 
different morphological fomns (mycelium, yeast, spores) and stages of an organism's 
life cyde. 
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Preferably, however, antibodies directed against a target polypeptide or fragment 
thereof can be used diagnostically to monitor levels of a target gene product in the 
tissue of an Infected host as part of a clinical testing procedure, e. g., to, for 
example, diagnose a patient for Aspergillus infection or determine the efficacy of a 
given treatment regimen. In particular CssI Is of considerable interest for diagnostic 
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purposes. It appears that the protein is unique to A. fumigatus as no significant 
homologues to the protein have yet been detected thrbugh the use of immunological 
or sequence-based procedures. Furthermore, the cell-surface and secreted nature 
of the protein Is also favourable feature from the point of view of detecting the 
protein In human fluids. 
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Detection using antibodies can be facilitated by coupling the antibody to a 
detectable substance. Examples of detectable substances include various enzymes 
prosthetic groups, fluorescent materials, luminescent materials, bioluminesceni 
materials, and radioactive materials. Examples of suitable enzymes include 
horseradish peroxidase. alkaline phosphatase, beta-gaiactosidase. or 
acetylcholinesterase ; examples of suitable prosthetic group complexes include 
Streptavldln/biofln and avldinA>lotin ; examples of suitable fluorescent materials 
Include umbelliferone. fluorescein, fluorescein isothiocyanate. rhodamine 
dichlorotriazlnylamlne fluorescein, dansyl chloride or phycoerythrin ; an example of a 
luminescent material Includes lumlnol; examples of bioluminescent materials Include 
luciferase. lucrferin. and aequorin. and examples of suitable radioactive material 
Include ^^1. ^^^I.^Sor^H. 

Various diagnostic assays employing the above indicator moieties can be set up to 
test samples for Aspergillus. Exemplary assays are described in detail in Antibodies- 
A Laboratory Manual, Hariow and Lane (eds.). Cold Spring Harbor Laboratory 
Press. 1988. Representative examples of such assays include: countercurrent 
immuno-electrophoresis (CIEP). radioimmunoassays, radioimmunoprecipitations 
enzyme-llnked Immuno-sorbent assays (ELISA). dot blot assays, inhibition or 
competition assays, and sandwich assays, immunostick (dipstick) assays, 
simultaneous Immunoassays. Immunochromatographic assays, immunofiltration 
assays, latex bead agglutination assays, immunofluorescent assays, biosensor 
assays, and low-light detection assays (see U.S. Pat. Nos. 4,376,110 and 
4.486.530; see also Antibodies: A Laboratory Manual. Hariow and Lane (eds.). Cold 
Spring Harbor Laboratory Press, 1988. 
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Detailed description of the tables and figures 

Table 1 shows the sequences of the peptides that were identified in the AfC 
fractions. Shown are. for each of the polypeptides (CssI. Hydrophobin. GAPDH 
enolase. catalase (A+B) and Isopropylmalate dehydrogenase B), the peptides thai 
5 were Identified in the three different fractions (diffusate. cell-surface-exposed and 
cell wall), and the sequences of the peptides that were used for antibody production 
Xi IS senne or alanine. Xz is leucine or Isoleucine. 

Table 2 shows some biochemical characteristics for the full-length CssI polypeptide 
and for Its N-terminal and Its C-temiinal half. 'MW' indicates molecular weight 
•Residues' indicates the number of residues. 

Table 3. Sequence of peptides chosen for the production of multiple antigenic 
peptides and antisera against selected target proteins 

Table 4. Analysis of the ability of anti-IMDH B IgG to bind the surface of clinical 
isolates. 

Figure 1 shows the predicted full-length polypeptide sequences of CssI (A) (SEQ ID 
NO:1). hydrophobin (B) (SEQ ID NO:2). GAPDH-B (C) (SEQ ID NO:3). enolase (D) 
(SEQ ID NO:4). catalase B (E) (SEQ ID NO:5). catalase A (F) (SEQ ID NO:6). and 
isopropylmalate dehydrogenase B (G) (SEQ ID NO;36). 

Figure 2 shows the predicted antigenicity indices of CssI (A) and hydrophobin (B) 
residues,, predicted according to Jameson and Wolf (1988). 

Figure 3. Alignment of the predicted protein sequences for GAPDH-A (AfA) 
GAPDH-B (AfB). and GAPDH-C (AfC) from Aspergillus fumigatus. Residues thai 
are Identical in all three proteins are presented on a dark background. Peptides of 
GAPDH-B that have been identified by MS have been underlined. 

Figure 4. Silver stained SDS-PAGE of AfM lysate samples (lanes 2 and 7) added to 
afflgel immunoaffinity columns prepared with (lanes 2-5) or without (lanes 6-10) anti- 
AfM IgG. Lanes 1 and 6 indicate the samples that were eluted from these columns 
after extensive washing steps (lanes 3-5 and 8-10). The proteins that are eluting at 
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approximate weights of 97. 64 and 61 were all identified as IMDH B via mass 
spectrometry. 

Figure 5. Phase contrast (A) and immunofluorescent micrographs (B) of AflVI 
5 labelled with antl-AfM sera (C) and with secondary antibody alone (D). 

Figure 6. Adhesion of AfC to lung epithelia demonstrating the ability of anti-AfM Fab 
fragments to reduce adhesion of AfC to A549 cells. 

Figure 7. A silver stained SDS-PAGE illustrating the steps involved In purification of 
IMDH B. Lane 1. MW standard: lane 2, recombinant IMDH B purified via a nicl<el 
sepharose column; lane 3. recombinant protein following purification via an S200 gel 
filtration column; lane 4. as with lane 4 but ten times the quantity of protein is added. 

Figure 8. Coomasle blue stained SDS-PAGE indicating the nickel sepharose purified 
recombinant IMDH B that was used to immunize rabbits (1); and the reactivity of 
preimmune serum (2). the first bleed post Immunization (3) and the second bleed 
post immunization against the recombinant protein as detected via Western blotting. 

Figure 9. Immunofluorescent micrographs of AfC and AfM from ATCC 46640 
stained with Pre and Post Immune IgG isolated from a rabbit immunized with IMDH 
B. 

Figure 10. Pre-incubation of AfC with anti-IMDH B reactive post immune Fab 
25 fragments reduces AfC adhesion to A549 cells. 

Figure 1 1 . Pre-incubation of rIMDH B with A549 cells, followed by washing, reduces 
subsequent adherence of AfC in a linear manner. 
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Figure 12. Incubation of AfC In the presence of anti-IMDH B sera and normal 
complement (sample 2) results in reduced gennination as compared to samples 
incubated in the presence of preimmune or unrelated sera (samples 5 and 8. 
respectively). 
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Figure 13. Incubation of AfC In the presence of anti-IMDH B IgG and normal 
complement results In reduced germination as compared to samples incubated in 
the presence of prelmmune or antl-KLH IgG. 

Figure 14. An alignment of IMDH B 1 versus IMDH B 2. 

Figure 15. Immunofluorescent microscopy analysis of A. fumigatus ATCC 46640 
perfomied with antisera raised against MAP molecules. AfC and AfM were stained 
with both pre- and post-immunisation sera. 

Figure 16. Immunofluorescent microscopy analysis performed with a clinical isolate 
using antisera raised against GAP-B-2. AfC were stained with both pre- and post- 
Immunisation sera. 

Figure 17. Western blot experiments illustrating the detection of (A) recombinant 
enolase with anti-his (lane 1) and anti-enolase (lane 3; ENO-2. see Table 3) 
antibodies, but not with pre immune serum from the animal used to produce anti- 
enolase sera (Lane 4); and (B) native enolase in the cell membrane of AfC by anti- 
enolase (ENO-2. see Table 3) antibodies (lane 6). 

Figure 18. An alignment of part of SEQ ID NO:36 with a homologous sequence from 
Candida albicans, derived fi-om publicly available nucleotide sequences (contig19- 
1 0262 in the Ca-Assemblyl Q.contigs). 

I=igura 19. An alignment of part of SEQ ID NO:36 with Aspergillus nidulans homolog 
(ACCESSION: AnrP4374925 - DESCRIPTION: LE3B_ASPNG 3-isopropylmalate 
dehydrogenase B (Beta-IPM dehydrogenase B) (IMDH B) (3-IPM-DH B) [Aspergillus 
nidulans FGSC A4] DBXREF: gi|40744045|gb|EAA63227.1) 

Figure 20. An alignment of part of SEQ ID NO:36 with Aspergillus oryzae homolog 
(ACCESSION: AnrP3711474 - DESCRIPTION: hypothetical protein [Aspergillus 
oryzae] DBXREF: gl|27901558|dbj|BAC55906.1). 
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Figure 21 . An alignment of part of SEQ ID NO:36 with Aspergillus nidulans homolog 
(ACCESSION: AnrP4379986 - DESCRIPTION consented hypothetical protein 
[Aspergillus nidulans FGSC A4I DBXREF: gi|40741202|gb|EAA60392.1). 

Figure 22. An alignment of part of SEQ ID NO:36 with a Coccidioides posadasii 
homolog: TIGR 222929/contlg 1772 C. posadasii C735. 

ngure 23. An afignment of part of SEQ ID NO:36 with a Cryptococcus homolog 
Ref.nr.: chr01b.b3501.031220.c11. 



Figure 24. ClustalW of IMDH B homologs from figures 18-22. 
Rgure 25. Continuation of figure 24. 
15 Exanqjles 

Example 1. IdenttRcation nf pe ptides in pytrgcts of fumiq ^t,.^ 
A number of protein purification procedures were used to facilitate identification of A 
fumigatus proteins that are secreted, cell-surface exposed or cell-wall associated 
Proteins were tiien Identified from these extracts via mass spectrometry techniques. 

Cultum of A. fumigatus. A. fumigatus conidia (AfC) of strain NCPF 2140 or ATCC 
46640 were routinely prepared by inoculation of malt agar plates with AfC and 
subsequent growth at 30*»C for 10 days. 

Prapamtion of a diffusibie extract from A. fumigatus conidia. A. fumigatus Diffusate 
(AfD) was routinely prepared as follows. AfC (2 x 10«) were added to water (0 5 ml) 
containing protease Inhlbltore (Roche, cat. no. 1 697 498) and the mixture was 
vortexed and tiien sonicated to solubilise the AfC. The resultant solution was 
incubated for 1 hour at 37°C. witti shaking. AfD was then separated from washed 
spores by passage through a 0.2 m filter, or. by centrifugation (3000 x g) of 
washed spores and passage of the AfD through a 0.2 ^im filter. 

Praparation of surface-exposed protein extracts from A. fumigatus conidia Washed 
35 AfC (2.0 X 10^°) were resuspended In 1 ml of PBS (0.01 M phosphate buffer. 0.0027 
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M potassium chloride. 0.137 M sodium chloride. pH 7.4) containing a reducing agent 
(10 rr^M Tns 2-cari.oxy-ethyf phosphine (TCEP)) and incubated for 20 min at room 
temperature. AfC were pelleted by centrifugation (20000 x g. 30 min) and washed in 
PBS to remove TCEP before being resuspended in a trypsin-solution (seq. grade 
5 modmed porcine tn^sln. Promega cat no. V51 11. 20 ^tg/ml PBS) and incubated for 
30 min at room temperature. AfC were then removed by centrifugation and filtration. 
To get nd of any conldia In the supernatant, the supernatant was purified using a 
YM-IO column (from Milllpore. cat. no. 4206. SOOOxg. 40c for 30 min.) and L 
supernatant was incubated over night at 370c with shaking at 40 rpm The 
supernatant was concentrated using a SpeedVac concentrator. 1 yi was added to 6 
m 5% fomiic acid, and the resultant solution was analysed via mass spectrometry. 

P^paration of cell wall exfracte from A. fumigatus oonidia. AfC solutions (20 ml- 1 8 
X 10 conidla/ml) were prepared in both PYG (G rich) (Peptone-yeast extract and 
glucose: 0.1 0/0 peptone. 0.1 % g yeast extract and 0.3% glucose) and HBSS (C poor) 
(HANKS IX from Gibco. Invitrogen (cat no. 24020-083)) media. These solutions 
were vortexed for 3 min. sonicated for 5 min and then incubated for 4 hours at ZT>c 
with Shaking (160 rpm). AfC were pelleted by centrifugation (6000 x g. 30 min) and 
the supernatant from the HBSS incubation was collected and passed through a 0 2 
^m filter. The supernatant from the PYG was discarded. Both AfC pellets were 

(2^ Tnton. ^% SDS. 10 mM Tris (pH=2). 1 mM EDTA. 100 mM NaCI. 1 proteinase 
inhibitor tablet (Roche, cat no. 1 697 498) and approx. 500 jxl glass beads (200-300 
microns) were added. The resultant solution was then incubated In a water bath 
sonicator for 40 min. vortexed for 30 min. chilled on Ice for 5 min. and finally 
vortexed for another 30 min. Glass beads were then removed from the sample and 
conidial walls were sedimented by centrifugation at 1200 x g for 10 min The 
supernatant was removed and stored for future use. 

Conidial wall enriched pellets were washed three times v^th 1 ml of cold distilled 
water, resuspended in 250 ^1 of 2o/o (w/v) SDS. ^% (w/v) 2.mercaptoethanol solution 
and boiled for 5 min. The resultant solution was centrifuged (10.000 x g for 15 min) 
the supernatant was transferred to a new tube, and added to 1 ml Ice-cold acetone 
prior to an overnight incubation at -300C. Precipitated proteins were pelleted (20 810 ' 
X g for 45 min) and dried in a SpeedVac for 15 min to remove residual acetone 
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Pellets were resuspended in ddH20, and proteins were separated on an SDS- 
PAGE according to standard procedures. Resultant gels were then visualised via 
silver staining. 

Analysis of A. fumigatus protein extracts by mass spectrometry. Analysis of .>A 
fumigatus proteins separated by SDS-PAGE was perfonned as follows. Fragments 
of SDS-PAGE gels, conresponding to specific protein bands, were extracted and 
placed In sodium bicarbonate solution (50 mM NH4HCO3). These gel plugs were 
then washed twice with 50 mM NH4HCO3 in 50% ethanol for 30 min and dehydrated 
by incubation in 96% ethanol for 10 min. Reduction and alkylation was performed by 
incubating In reducing solution (50 mM DTT. 50 mM NH4HCO3) for 45 min at 56»C 
followed by a 30 min room temperature incubation in alkylation solution (55 mM 
lodoacetamlde. 50 mM NH4HCO3) in the dark. Two cycles of washing and 
dehydration were then performed prior to the addition of 10 jil trypsin solution (12.5 
ng/^l trypsin in 50 mM NH4HCO3 (seq. grade modified porcine trypsin. Promega 
batch no. V51 IX 14755007)). After 15 min an additional 20 m of sodium bicarbonate 
solution was added and the digests were incubated overnight at 370C. Samples 
were then extracted twice by 30 min Incubations, with shaking, In 3 jil of 20% 
trifluoroacetic acid, and 20 m of a solution containing acetonltrile (10%) and 
trifluoroacetic acid (1%). Both extracts were pooled, dried down, and resuspended In 
9% of 5% fomiic acid prior to analysis via LC-MS. 

Peptide and fragment mass tolerance was set to 200 ppm and 0.5 Da. respectively. 
Search parameters were adjusted to include oxidation of Met. the addition of alkyi of 
polyacrylamide groups to Cys, and trypsin was allowed to miss one cleavage site 
per peptide. 

Search parameters for analysis of cell surface peptide fragments were adjusted to 
include oxidation of Met, trypsin was allowed to miss one cleavage site on each 
peptide; and, peptide and fragment mass tolerance was set to 100 ppm and 0.3 Da, 
respectively. 

Following the identification of a peptide sequence, a TBLASTN was performed 
against A. fumigatus shotgun sequences in the public domain. This Identified all 
shotgun sequences capable of encoding the peptide fragment. These shotgun 
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sequences were then used to extract all other shotgun sequences that shared 
regions of homology of at least 40 bp in length with no less than 90% identity All 
appropriate shotgun sequences were then formed into a contiguous sequence using 
Seqman. Resulting contigs were submitted to a GenScan search using maize 
arabidopsls. and human parameters. Output predicted protein sequences were then 
compared with the encoding nucleotide sequence and with the sequences of protein 
homologues to facilitate the prediction of a potentially more accurate protein 
sequence. Resulting predicted nucleotide and peptide sequences were then entered 
mto appropriate in-house databases and MASCOT searches were then rerun 
against a database containing these newly predicted proteins. For isopropylmalate 
dehydrogenase B. mismatches were found between the peptide found by peptide 
sequencing and the corresponding polypeptides predicted from the nucleotide 
sequences in the database. The mismatches may be due to differences between 
strains due to mutation or to sequencing errors. Furthermore, an MS instmment 
does not differentiate between a leucine and an isoleucine. Mutations in this region 
may have slgniBcant structural Implications and alter the thermostability of the 
enzyme, as has been described for a homologous enzyme from Thermus 
thermophilus (Qu et al. 1997 Protein Eng. 10. 45-52). 

The peptides identified in the DIffusate. Cell-surface exposed, and Cell-wall fractions 
are shown In Table 1. The corresponding predicted protein sequences are given in 
Figure 1. SEQ ID NO:38 and SEQ ID NO:39 are predicted polynucleotide 
sequences encoding Isopropylmalate dehydrogenase B (SEQ ID NO:36). 

Peptides from both hydrophobin and the hypothetical protein were identified in all 
three fractions Indicating both to be cell-wall-associated proteins that are exposed 
on the surface of the AfC while also being secreted/released into the surrounding 
milieu. Based on these data we propose to name the newly identified, former 
hypothetical, protein Conidial Surface and Secreted protein I. Cssl. It was also 
Interesting to note the presence of GAPDH in the AfD and cell wall; enolase in the 
AfD: IMDH B in the cell-suri'ace-exposed fraction and of cell wall located and 
suri^ace exposed variants of catalase. Since the procedures used to purify and 
identify these peptides are biased for proteins of high abundance, one can also 
conclude that they are expressed In relatively high copy numbers. 
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Example 2. Bioinformatic analyses 

SIgnalP predictions were perfom^ed using the parameters recommended for a 
_ eukaryotic protein, while Antigenicity index studies were perfomned using the default 
> parameters detemilned by DNAStar. BLAST searches were perfomied using defeult 

parameters. 



Anaiysis of CssI for the presence of a signal peptide. The group who reported the 
ong,nal hypothetical sequence predicted an N-tenninal signal peptide of 24 residues 
10 (NCBI entry CAD29600. Protein AfA35G10.07). However, a repeat of these studies 
usrng the SignalP program with default parameters (Nielsen et al. (1997) Protein 
Engineering 10. 1-6) Indicates the presence of a 47-residue signal peptide with 
predicted signal cleavage occumng between A47 and R48. 

1 5 Analysis of the predicted protein sequence of CssI. 

A brief overview of the sequence of this protein reveals the two most abundant 
residues to be E and Q. which comprise 9.62o/o and 8.64%. respectively of all 
residues in the protein. A closer analysis revealed that 67% of charged residues (D 
E. K. R) are located In the C-temiinal half of the protein (see Table 2). and 62% of 

20 hydrophobic residues (A. I. L. F. W. V) in the N-temiinal half. 

The sequence of CssI was analysed via the antigenicity index programme of 
Jameson and Wolf (1988). This programme predicted the C-terminal half of the 
protein to be most antigenic (see Figure 2). 
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BLAST analysis of CssI revealed the absence of a protein with high homology 
However, a number of proteins displayed low. yet significant, levels of homology 
One such protein. ORF73 of Human herpesvirus 8. is the Latency associated 
nuclear antigen (LAN/LANA) that is used as a marker for Kaposi's sarcoma It 
displays 26% identity and 46% similarity to the C-terminal half of CssI This region of 
LANA Is rich In Q and E repeats and Is located in the middle of the protein It has 
been suggested that similar regions of acidic repeats often function In transcriptional 
achvaton In viral and cellular transcription factoid (StmhI. 1995. Annu. Rev Genet 
29. 651-674). LANA has been shown to be capable of modulating both viral and 
cellular gene expression (Renne et al.. 2001. J. Virol. 75. 458-468). 
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GAPDH sequences. An attempt to construct a gene sequence for this protein 
revealed the presence of at least three genes in Aspergillus fumigatus that are 
capable of expressing a GAPDH-related protein. These predicted proteins have 
been labelled GAPDH-A. GAPDH-B. and GAPDH-C. A number of differences exist 
between these two proteins (see Fig 3). However, it is possible to conclude that only 
GAPDH-B has been identified to date. An inability to identify GAPDH-A or -C to 
date, could be due to a number of reasons, e.g.. a failure to be expressed under 
laboratoo. conditions; or. to the absence of an appropriate predicted protein 
sequence In the databases. The fact that only GAPDH-B was identified in cell wall 
and secreted preparations Indicates that this version of the protein Is likely to be 
primamy a cell-wall variant, and perhaps GAPDH-A and -C the cytoplasmic variants. 

GAPDH-A and GAPDH-B share 73% Identity and 850/0 similarity over a over a 
stretch of 269 residues. The more divergent GAPDH-C shares only 43% identity 
With both GAPDH-A and GAPDH-B. An analysis of all three sequences via an 
InterProScan revealed all three to be GAPDH sequences. However, only proteins A 
and B had sequences that matched to the active-site motif ([ASV]-S-C-[NT]-T-x(2) 
[LIMl). This could imply that C does not function as a true GAPDH protein Upon 
closer analysis of the sequences it is apparent that C contains a V residue instead 
of ILIM], at the last position in the motif. Considering that V. L. M. and I are all 
hydrophobic residues, it is unlikely that the difference will result in a non-functional 
GAPDH active site. 

25 Isopropylmalate dehydrogenase B sequence. 

The closest homologues of the predicted isopropylmalate dehydrogenase sequence 
were previously described enzymes from A. niger, (accession number in NCBI 
database P87257 (77-^ Identity over 363 aa)) and A. on^ae, (accession number In 
NCBI database BAC55906 (52% identity over 367 aa)). 

30 Homology to human proteins and essentiality to A. fumigatus. Of the protein 
mentioned above, neither Cssl. II^DH B nor Hydrophobin have any significant 
human homologues. Botii enolase (61% identical. 77% similar) and GAPDH (77% 
Identical/ 83% similar), on the other hand, do have human homologues over the full 
lengtii of the protein. However, due to the small size of any given epitope, and to the 



20 



wo 2004/108765 



63 



PCT/DK2004/000407 



5 



10 



25 



specificity of anfabodies In general, it is likely that a suitable antibody can be found to 
distinguish A fumigatus versions from the human versions. 

Peptides for antibody . pmducthn 

The peptides found in the mass spectrometry analysis were used for antibody 
production. Some of them were extended with flanking residues from the predicted 
or known sequences. 

Example 3. Generation and DroDerties nf anf j -AfM and anti-iMDH anfihnrii.:.^ 
Methods 



Phosphate buffered saline 

PBS tablets (Sigma) were used to produce a final solution of 0.01 M phosphate 
1 5 buffer, 0.0027 M KCI and 0.1 37 NaCl, pH 7.4 at 25°C. 

Generation of anti-Asperglllus fumigatus mycelia (anti-AfM) antibodies 

AfM-rich preparations were grown as follows: 10E5 AfC were added to 10 ml RPMI 
and Incubated for approximately 10 hours at 37°C. AfM were then harvested by 
20 centrifugation and washed twice in PBS. These preparations were fixed by 
Incubation In 3% formaldehyde for 30 min at room temperature, washed and 100 ng 
quantities injected Into rabbits according to the following protocol. 



Null sera was collected from New Zealand White female rabbits (4-6 months old. 
approximately 3 kg) prior to Immunisation with 100 ng AfM and Freunds complete 
adjuvant. A booster was administered on day 14 in conjunction with Freunds 
incomplete adjuvant and again on day 28. The firet and second bleeds were 
harvested on days 42 and 72. respectively, before the final bleed was taken on day 
93. Subsequent analysis via immunofluorescent microscopy and western blotting 
30 demonstrated that the rabbit raised an Ab-based immune response against AfM. 

iaG purification 

IgG was then purified from this sera using the MabTrap kit (Amersham) in 
accordance with the manufacturers Instructions. Fab fragments were purified from 
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IgG via Immunopure Fab kit (Pierce) again in accordance with the manufacturer 
Instructions. 

Adhesion assay orotonnl 
5 A549 cells (1 x 10^) (DeHart et ai. (1997) J. Infect Dis. 175(1): 146-1 50) were seeded 
into the well of a Lab-Tek II 8 well chamber slide (Nalge Nunc international) and 
grown overnight A solution of AfC (1 x 10«/ml) was prepared in RPMI medium 
vortexed for 10 min and sonicated for 10 sec to suspend the AfC (in house studies 
have demonstrated that greater than 99% of AfC are viable after this step) The AfC 
population was then aliquoted. IgG preparations added where appropriate and the 
samples incubated with shaking for 30 min at 37°C. A549 cells were prepared by 
washing three times with 400 m F12K media. If required, purified protein was pre- 
incubated with A549 cells for 30 mins at 3rc after which the cells were washed 
three times with 400 jtl F12K media. Finally. 190 nl of F12K was added to each 
well, prior to the addition of 10 m (1 x 10« AfC) of the appropriate AfC solution. The 
samples were then incubated at 37«>C for 60 min. Unbound AfC were removed by 
washing 4 times with F12K media and A549 cells were detached using 400 jil 
trypsin EDTA. Following detachment the solutions were removed from the wells, 
stored in an eppendorf, and sonicated at medium intensity for 10 s to lyse 
mammalian cells. Finally. 0.03% Triton-X-100 was added to each solution to ensure 
that the AfC existed in a single cell fomri. The quantity of AfC in each sample was 
then detennined by counting using a haemocytometer. All assays were run in 
triplicate. 



25 Antigen identification via IP with antl-AfM antibodies 

Resultant IgG preparations were used, in conjunction with the Afngel kit (Biorad) to 
prepare an anti-AflVl affinity column. This was done In accordance with 
manufacturers instructions. Thus, 20 mg of anti-AfM IgG was coupled to 200 m affl- 
gel and the resultant column was rotated overnight with 100 mg of whole AfM lysate 
prepared in PBS. A column containing 200 ^ affi-gel without IgG was also treated in 
the same manner. The supematant was then removed and the gel washed twice 
with 0.5 ml PBS adjusted to 0.5 M NaCI. Washing was then perfomied with 0.5 ml 
PBS adjusted to 0.25 iVI NaCI and samples were eluted with 100 0.2 M Glycin-HCI 
pH 2.5. Following storage on ice for 5 mins the samples were neutralised via the 
addition of 24 ^il of 1 M Tris-HCI pH 8.6 and separated via SDS-PAGE. 
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Amplification and clonin g of the nHMA copy nflMDH r 

Total RNA was purified from 1x10« AfC using the RNAEasy Kit (Qiagen) in 
accordance with manufacturers instructions, in order to design oiigonucleotide 
primers to assist in the ampiification of the cDNA. the sequence of the IIVIDH B was 
predicted using a number of bioinfomiatic steps. First, peptides identified via LCiVIS 
were BLASTED against the A. fumigatus shotgun database. All sequences matching 
the peptide were then aligned to produce a large contig sequence that was then 
input into the gene prediction program Genscan. This produced a number of 
predicted gene sequences and those that were predicted to encode the peptide 
Identified via LCMS were selected for further study. IMDH B genes from other 
organisms that displayed homology to the A. fumigatus sequence were also used to 
assist In the selection of the most likely STOP and START codon. Thus. 18-mer 
oligos (F: 5'-ATGGTAACTACTTACAAC-3' (SEQ ID NO-44)- R- 5- 
TGAACTACCCTGCAACGC.3' (SEQ ID NO:45)) were designed and used to amplify 
a CDNA copy of the Af IMDH B gene using the Superscript One Step kit from 
invftrogen In accordance with manufacturers instructions. Following amplification 
the product was cloned Into pBAD using the TOPO TA cloning kit (Invitrogen) and 
sequencing was used to confimi the sequence and orientation of the insert. 

Sequencing 

Sequence reactions were performed using the BigDye terminatorv3.1 (Applied 
Biosystems) kit in accordance with the manufacturers instructions. 

25 Expression of heterologous proteins 

Upon Identification of a clone containing the desired sequence a number of 
experiments were performed to Identify the optimal expression conditions for the 
heterologous protein. These revealed optimal expression when induced with 0.02% 
arablnose for 4 hours. Proteins were then purified via utilisation of pBAD encoded 
30 his-tag sequence. 

Preparation nf bacterial 

Each liter of E. coli culture was Induced for four hours with 0.02% arabinose and 
bacterial cells were harvested by centrifugation (5000 rpm. 15 min). The bacterial 
35 pellet was then resuspended In 25 ml cold native buffer (20 mM NaP04. 500 mM 
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NaCl, 25 Imidazole, pH 7.4), a.d the solution supplemented with 2 protease 
inhibitor tablets (ROCHE, complete-EDTA free Protease inhibitors) and 625 ul 
"ysozyme (25 pg/m) before incubation on ice for 1h. The solution was then sonicated 
for 4 mm. subjected to a cycle of freeze thaw, and 7.5 ,1 benzonase (362 unlts/m) 
5 added prior to Incubation on ice for 20 minutes. In order to assist In the removal of 
.nsoluble components the solution was centrifuged at 5000 x g for 20 min and the 
supernatant harvested. This step was repeated twice more and the clea^d lysate 
then analysed via SDS-PAGE. 

) Preparation of nickel sepharose columns for purlficaHon of hls-tagged 
proteins **** 

Purification of recombinant proteins was perfomied using Probond resin (Invltrogen) 
a nickle-sepharose based resin that utilises the pBAD-encoded his-tag on the' 
heterologously-expressed recombinant protein. All centrifugafon steps were 
> performed at 800 x g for 2 min. The resin was resuspended by inverhng and gently 
tapping the container and 2 ml slurry of resin was added to an Econo-Pac 
Chromatography Columns (BioRad. Cat. No. 732-1010) for equilibration The 
column was centrifuged and the supernatant discarded. The resin was then washed 
wrth 10 ml sterile water, and again the supernatant discarded following 
centrifugatlon. Next, the resin was resuspended in 10 ml Native buffer (20 mM 
NaPO.. 500 mM NaCI. 25 mM imidazole. pH 7.4). centrifuged and the supernatant 
discarded. This process was repeated twice. Finally the resin was resuspended in 1 
ml native buffer giving a final volume of 2 ml. 
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Application of Ivsate. wa«hinr, and elution nf p urified n,»te.n 
The bacterial lysate containing the recombinant protein was added to the column 
containing the equilibrated resin and the mixture incubated on a roller for 100 min at 
4-C. The mixture was then centrifuged at 800 x g for 2 min and the supernatant 
poured off and saved. The resin was then allowed to settle, the column plug was 
removed and the liquid allowed to flow through. The run through from this step and 
all subsequent steps, was collected for SDS-PAGE analysis. The column was'then 
v^^shed With 20 ml Native buffer (20 mM NaPO.. 500 mM NaCI. 25 mM imidazole 
PH 7.4) a total of 5 times and the protein eluted protein by applying 20 ml Native 
elution buffer (20 mM NaPO^. 500 mM NaCI. 250 mM imidazole. pH 7.4) and 
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collecting ten 2 ml aliquots. SDS-PAGE analysis was then performed to determine 
the outcome of the procedufe. 

Gel filtration purification of nickel sepharose purified IMDH B 

5 Probond purified IMDH B was first desalted via dialysis In PBS (dialysis tubing 12- 
14000 Daltons. VIsking). Gel filtration was perfomied using a HiPrep 16/60 
Sephacryl 8-200 High Resolution column (Amersham Biosciences). Preparation 
equilibration and cleaning of the column was completed according to the 
manufacturers instructions. Protein purification was perfomied with a Tris running 
buffer (10 mM Tris h- o.15 M NaCI. pH 8) at an approximate flow rate of 0.25 ml/min 
Batches of his-tagged protein (10-20 mg) were added to the column and were eluted 
using 80 ml mnning buffer, a void volume of approximately 40 ml was calculated 
and 18 X 2 ml fractions were collected. 

15 Generation of anti-IMDH B antisera. 

Probond-purifled protein was used to immunise New Zealand White female rabbits 
(4-6 months old. ~3 kg). Pre-lmmune sera were harvested on day 1 prior to 
immunisation with 100 ^g of protein in the presence of Freunds complete adjuvant 
Further .mmunlsatlons were also carried out on days 28 and 49 In the presence of 
Freunds Incomplete adjuvant. Blood samples were taken on days 28 42 69 and 
finally on 87. IgG and Fab fragments were prepared as previously described. 

Immunofluorescent microscopy 

immunofluorescence microscopy slides were first cleaned In a detergent solution 
and rinsed in distilled water. The slides were then Incubated In coating solution 
(0.1% gelatin [w/v], 0.01% [w/v] chrome alum) and allowed dry at room temperature 
Harvested AfC spores were placed onto the well of a treated immunofluorescence 
microscopy slide and the slide was washed three times with PBS to remove 
unbound AfC. If AfM were required 30 ^1 RPMI was added to the surface of the well 
and the slide Incubated at 37°C for 12-14 hours before washing miU PBS. IgG (30 
m. 1:500 dilution in PBS) was then added to each well and incubated at SZ-C for 30 
mm in a moist environment. The wells were washed three times with PBS before the 
addition of Alexa Fluor 488 goat-anti-rabbIt IgG (30 pel of a 1:400 dilution prepared In • 
PBS) to each well. Again the slides were incubated at ST^C for 30 min In a moist 
environment, washed three times witii PBS and then fixed In 3% fomialdehyde for 
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30 mm at room temperature. The slides were washed three times in PBS. allowed to 
dry and then a drop of Sigma oil was added to the surface and a coverslip applied 
This was sealed with nail polish and the slides stored at 4«'C in the dark until use' 
All wells were scanned in both bright and fluorescent fields 

5 

Determination of the ability of IgG to inhibit conidial germination 
AfC were resuspended in RPiy^l medium and the concentration adjusted to give a 
solution containing 1 x 10« AfC ml. 0.5 ml of this solution was then added to an 
eppendorf and 10 m of each IgG/serum sample added to 3 aliquots of AfC Nomial 

10 fresh rabbit semm was added to one aliquot, heat-inactivated (60-C for 30 min) 
semm to the second, and 10 PBS to the third. The samples were then incubated 
for 7 hours at 200 rpm. TT.e total number of cells was then counted and the number 
Of conldia that have geminated, or started to produce a germ tube, determined 
Percent filamentation equals the number of cells with germ tubes divided by the total 

15 number of cells. 
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Generation of sera against nmrlictBd f^ntia^m. peptides, nft»rr ^>.f 
Analysis of target proteins was perfomied with the aim of identifying a number of 
antigenic peptides within each target sequence. The peptides chosen (see table 3 
below) correspond to those that were identified during mass spectrometry 
procedures used to identify surface exposed peptides (see table 1) and to those 
predicted to be most antigenic (Jameson. B.A. & Wolf. H (1988) Comput AppI Biosci 
4, 181-186). 

Peptides and antisera were produced in accordance with Sigma's standard Custom 
Peptide Synthesis and rabbit Immunisation protocols. The peptides were produced 
as part of their multiple antigenic peptides (MAP) service.The immunisation protocol 
used Is as follows: on day 0 pre-immune sera was collected from New Zealand 
white rabbits which were then immunised with 200 ^tg of MAP in complete freunds 
adjuvant (CPA). A second immunisation was performed on day 14 with 100 ng in 
Incomplete freunds adjuvant (IFA). This immunisation was repeated on days 28 42 
56 and 70. Bleeds were taken on days 35. 49, 63. and finally on day 77 ' ' 
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Ms analysis 
In-gel digestion 

The gel bands are washed two times with 25mM NH4HCO3/50% ethanol. The 
cysteine residues are reduced (DTT) and alkylated (iodoacetamide). followed by 2 
cycles of wash and dehydration of the gel bands. Washing buffer is 50mM NH4HCO3 
and dehydrating agent is ethanol. After the last dehydration step, the digestion is 
started by addition of protease, dissolved in suitable digestion buffer. Default 
enzyme is trypsin for which a 50mM NH4HCO3/10% Acetonitrile digestion buffer is 
used. The digestion takes place over night at 37°C. The resulting peptide pool are 
extracted with TFA and fonnic acid and analysed by mass spectrometry. The 
handling of all samples takes place in a dust free environment with a minimum of 
manual handling to avoid keratin contamination. 

1 5 MALDI'TOF sample preparation and analysis 

The peptide mixture extracted after in-gel digestion is analysed by a fully automated 
procedure on an Ultraflex Bniker MALDI-TOF mass spectrometer. A peptide mass 
fingerprint is recorded and each spectrum is annotated and internally calibrated 
using trypsin auto-digest peaks. Sample preparation: 

20 

1. A 96 tip robot Is used to prepare a Bruker 384 polished steel target with a 
nitrocellulose/n-cyano-4-hydroxy-cinnamid acid (HCCA) matrix. 

2. Approximately 5% of the sample is added to the matrix (1 ,5 ni). 

3. When the sample is completely dry. it is washed with 0.1% TFA and Is now 
25 feady to be analysed In the Bruker mass spectrometer. 

Database search 

The resulting peak list Is used In a database search that is performed using Mascot 
software (MATRIX SCIENCE). 

The database is a non-redundant database (NRDB) based on data from NCBI. 
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Results 

Antigen identification vi a IP with anfl-AfM antihnHifi.<i 

An affinity column consisting of anti-AfM IgG was used to immunopredpltate tiie 
most antigenic proteins from an AfM lysate. Eluted samples were separated via 
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SDS-PAGE and then analysed via LC IV1SMS analysis, which revealed 3- 
.sopropylmalate dehydrogenase B (iMDH B) to be the prime target of anti-AfM 
antibodies, suggesting iMDH B to be the main antigen of AfM (figure 4). 

5 Anti-AflVI antibodies bind to the surface of AflVl giving a considei^bly higher 
signal than the null sera. 

iFM studies revealed that anti-AfM antibodies bound to both AfM and AfC giving a 
higher signal than was observed with null sera. This again suggests IMDH B to be a 
major surface antigen of both conidia and mycelia (figure 5). 

Anti-AfM Fab fragments reduce the proportion of AfC that adhere to A549 cells 

Having substantiated that IMDH B is a major surface antigen of both AfC and AfM it 
was decided to analyse the potential ability of anti-IMDH B antibodies (in the fomi of 
antKAfM antisera) to interfere with the pathogenicity of AfC. Thus, adhesion assays 
were perfbmied where the ability of AfC. pre-incubated in IgG. to bind to lung 
epithelia was measured. These studies indicated that antibodies, in the form of Fab 
fragments, were indeed capable of reducing adhesion of the organism to lung 
epithelia (figure 6). Without being bound by any theory. It is believed that the Fabs 
possess the ability to reduce adhesion to lung epithelia by interfering with the 
interaction between a receptor and its ligand. either by binding an adhesin and 
preventing Its funcHon. or by binding to the AfC surface and sterically inhibiting the 
function of an underlying adhesin. While IgG molecules may also possess such 
properties, the Fc region is capable of binding Fc receptors on the surface of the 
mammalian cells, an event which has the potential to elevate adhesion of AfC. 

Cloning, expmsslnn md ourifinatlnn of recombinant lunu a 

A copy of cDNA encoding IMDH B was successfully cloned into pBAD and the 
sequence of the insert confimied (see SEQ ID NO:46 and SEQ ID NO-47) The 
protein was expressed following induction with 0.02% arabinose for 4 h and purified 
to a high degree of purity using nickel speharose and gel filtration columns (figure 
7). The nickel sepharose purified fraction was used to immunise rabbits and this 
procedure was successful in generating anti-IMDH B antibodies (figure 8) IFM 
analysis also confimied that anti-IMDH B IgG bound to the surface of AfC and AfM 
(figure 9). ttius confimiing the surface localisation of IMDH B. 
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IFM analysis of clinirai icniatoo 

^FM analysis was perfonned on a number of clinical isolates to confirm the presence 
or absence of surface expressed IMDH B. All clinical isolates were purchased from 
the Belgian Coordinated Collections of Micro-organisms (BCCM™). Their features 
3 and reactivity to antl-IMDH B IgG are listed in Table 4. 
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Post-tra nslational modificationR 

A number of studies were perfomied with the aim of Identifying the presence of post- 
translational modifications In the recombinant IMDH B protein. These studies took a 
number of fomis. First. MALDI analysis was perfonned with the aim of identifying all 
of the predicted tryptic fragments of the protein. Thus the protein was digested with 
trypsin and analysed via MS. Using this method rt was possible to get 84% 
sequence coverage: (SEQ ID NO:47 (yector-denVed sequences in italics 
sequences identified by MALDI analysis underlined)). 

AAI.ESDAVX.F^VGGPKWDHIHRGI.rX,PKr^,T.T.OLHK^XV^..p.<,.^ 
VH^CGGAyrOKKIEEKnyAMnKWOV.Tn. EXQRXT^Z ^HH^P^.....^K^ 

SSKGELBGKPIPNPLLOLDSTRT(Saamim. ' ' 

SDS-PAGE and time of flight analyses of the predicted 44233 Da Protein revealed 
apparent masses of 45000 Da and 44235 Da. respectively. In total, these studies 
did not provide any evidence Indicating the presence of post-translational 

modifications. 

Adhesion assays results 

A number of studies support the theory that IMDH B acts as an adhesin. Thus pre- 
incubation of AfC With anti-IMDH B Fab fragments produced a decline In the number 
of adherent AfC in comparison to AfC that had been pre-incubated in the presence 
of Fab fragments isolated from pre-immune sera (see figure 10). Furthennore pre- 
incubation of A549 epithelia with varying quantities of recombinant IMDH B. followed 
by washing to remove unbound protein, suggested that the protein had sequestered 
the receptor on the surface of the A549 cells and thus prevented the AfC from 
adhering (see figure 11). 
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Germination inliibition experiments 

A number of experiments were performed to determine the ability of anti-IMDH B 
antibodies to reduce germination of AfC In the presence of normal or heat- 
5 .nac^^^vated rabbit semm. These experiments revealed that only anti-IMDH B heat- 
macbvated sera in the presence of fresh rabbit sera possessed the ability to reduce 

In^MnM r.T*" "'"''^ '""'^^ ~ that purmed 

ant.-.MDH B igG .n the presence of normal rabbit serum also possessed the ability 
to reduce gemninatlon of AfC in comparison to null IgG (see figure 13). 

"•O Identificatin n of a sennnri coriv nf IMHH R 

Further bloinfomiatic analysis revealed the presence of a second region on the Af 
genome that displays homology to the li^DH B gene and that is predicted to encode 
a protein that Is 50% ID and 63% similar to il^DH B 1 (for alignment, see figure 14) 
The sequence of the respective gene and protein were predicted by BLAST 

15 analysis. Features of this protein are displayed below. 

Predicted Features of gene/protein compared to ACE5033 (IMDH B 1) 

Number of axons ' ^^^^ ^ " ACE5033 

20 SizeofORF inqo Un ^ 

Protein length latl^L, '^P 

Protein size ^ftl^Tn 368 residues 

pi l^ip ^3 39773 Da 

IMDH B 2 contains the final predicted ORF sequence (SEQ ID NO- 40)- 

atgccgtcatataacattgtcgttttcgctggggaccactgtggtccggaggtaagttcggtcctgc^^^^^^ 
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.cggagatcgagcgoatcacccgccttgcggcccacctcgctctgcagcacaaccccccLttC^^^ 

caaggccaacgtcctcgcgacgagcoggctgtggcggaagaccgtgacggaggtcatg^ 
aggtggagcaccagctcattgactcc^^^^^ 

agcaacctgttcggtgacatcatcagtgatgaagc=agcgttatccctggttctctaaaact..J! 



^"""°^''^^*'"^*^*=^^^'^°^^99«5«t«5^aagcttaacggtattgttgtcact 

agcaacctgttcggtgacatcatcagtgatgaagccagcgttatccctggttctctgg^ctnhJ 
.agcggcattcctgacggaaagaccaagg.caatggta.c.a.gago"^^^^^^^^^ 

agggcatcgttaaccccgtcgc=gccattctctctgtcgccatgatgatgcagtactccc4^^^^^ 
agggccatcgagacggccgtccgcaatgtgatcgaggccggtatccgcactgccgatattg™^ 
cgaggtcggtgacgctgttgctgccgagctggagaagctgttgaagLtar^^ '^^^^^^ 
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This encodes the following protein (SEQ ID NO: 41): 



IKGIVWPVi^ILSVAMMMQysiJlJRMDI^ 



Example 4. studies nartinrfni a d on artrimr.pq| ACE l^ rr^^c 



G^ne^ 9f^ ^nf„^ nmrifcted «nNn..,. ^.^ .g^, „^,„,„, 
Following (he Identllication of a number of novel proteins on the surface of the AfC it 
was decided to fWher ttese studies through the production of antisere that had 
been raised against multiple antigenic peptdes (IWAP) of the novel molecules 

15 Thus two peptides from each chosen ta.get wem selected (see table below) and 
the >nlbm«ion relayed to Sigma who pmduced the peptides and antisera in 
accordance with their Custom Peptide Synthesis and mbblt immunisation p«>,ocols 
The peptides chosen (see table 3) con«spond to those that were identified during 
mass spec»ometo, procedures (see table 1) and to those predicted to be most 

20 aritigenio using the guidelines supplied by Sigma. 

\Ft/\ analysis with sera raised »n»lno t MAP m„l^..<^ 

Following the production of l«APs and the conesponding antisera, IgG was purified 
and used in IFM experiments to a«,ist In the confim,ation of the surface expression 
Of the various target molecules. The results of these IFM experiments are 
summarised in table 3 and exemplified for GAP-B-2 in figura 15. Sera .aised against 
the GAP-B.2 molecule of 6APDH2 were also tested against a number of the clinical 
isolates. Reactivity of this sera against the suriace of the clinical isolates 
(exemplified in figure 16. other not shown) supports the surface localisation of 
30 QAPDH2 Within isolates other than ATCC 46640. 

Qloninf, . e>ipre;s<nn f^ff ntfrfflmflon ofr«^H,„.^ .„„fe.^. „„„ ^„ 

enolase. " • 



The enolase gene of A. fumlg^ was cloned and the pmtefn expressed using the 
same protocols detailed for WDH B. the only diffemnce being the sequence of the 
o™ard (5'^TGCCTATCTCCAAGAT<>^. (SEQ ID NO:42)) and .averse primers 
(5'^AGGTTGACGGCAGT-3- (SEQ ID NO.-43,). The sequence of me cloned cdJI 
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molecule was confirmed using standard procedures) (SEQ ID NO:48 and SEQ ID 
NO:49). Expression of the recombinant protein was confirmed using antl-his 
antibodies (figure 17(A)). Furthemiore. the protein was shown to react with antl- 
MAP sera raised against ENO-2 (figure 17(A)). Having confirmed that the antl-MAP 
5 sera binds recombinant enolase It was decided to test the sera against isolated 
membrane and wall fractions from AfC. These studies revealed the protein to exist 
In the cell membrane of AfC (figure 17(B)). 

Example 5. Alignment of Aspergillus fumioatus iMr^M b with hnmning ^no 
10 polvpeptides from other fung i 

The seguence of Aspergillus fumigatus IMDH B (SEQ ID NO:36) was compared with 
homologous seguences from other fungi in order to find areas of high sequence 
Identity. Rgures 18-25 show alignments of SEQ ID NO:36 with homologous 
polypeptides. 



15 



